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Some weeks ago in a moment of recklessness, and swayed by a desire 
to humor our President, a friend attested by an experience of more than 
forty years, I promised to speak today upon the inviting but deceptive 
topic you may have read upon the program, “Population and the World 
War.” I call it deceptive because many of its statistical aspects are 
still shadowed by the clouds of our ignorance fitfully broken by flashes 
of misinformation. At the appointed time, therefore, I appear with 
the frank admission that I am to treat a statistical theme before a 
statistical association with very few figures on which I am able to rely. 
To voice my own judgment upon what I have done, I have added to the 
title assigned me the qualifying phrase, “‘A preliminary survey.” 

At the beginning may I remind you that among the misdeeds which 
the Declaration of Independence laid at the door of George the Third 
was the accusation that “ He has endeavored to prevent the population 
of these states.”’ It is in Jefferson’s obsolescent meaning of population 
—an increase of numbers—that I interpret the key-word in the subject 
of my talk. It might be properly called “Increase of Population and 
the World War.” 

My starting point is the conclusion of an address made when the war 
was in its first year and few Americans foresaw that it would draw us 
into the maelstrom. I then said in substance that the multiplication 
of mankind is the only quantitative test of human progress which can 
be applied even crudely to the earth as a whole. May I compare it 
briefly with two other criteria? Acton said that a compendious test 
of improvement is to be found in the prolongation of human life. To 
only a few countries can that test be applied, and of them the United 
States is not one. If we believe that the average length of human life 


‘Read at the Eighty-fourth Annual Meeting of the American Statistical Association at Chicago, 
December, 1922. 
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is greater now than formerly, we are far from knowing that it is and 
have no inkling of how much longer it is. Bryce suggested that the 
amount of human happiness or the proportion of persons who at the 
end of a lifetime would like to live it over again if they could is a test of 
progress. But no one can apply that test. Furthermore, the one 
criterion which can be applied, increase of numbers, is entirely con- 
sistent with the happiness test. In any form of sentient life happiness 
is a subjective result of adaptation to environment; unhappiness is g 
subjective result of a lack of adaptation. In any form of sentient life, 
also, an increase of numbers is an objective result of adaptation to 
environment; a decrease of numbers, an objective result of a lack of 
adaptation. If the increase of numbers and the increase of happiness 
both flow from adaptation, and if the decrease of numbers and the 
decrease of happiness both flow from maladaptation, we may infer from 
the demonstrated increase in the earth’s population that the quantum 
of human happiness has also increased.! 

Adopting this conclusion of 1915 as my starting point I proceed to 
inquire, what light have the events of the intervening eight years 
thrown upon the earlier argument? During that period you will per- 
haps allow me to assume—for certainly I cannot prove it—that the 
amount of human happiness has greatly decreased and the amount of 
misery greatly increased. Does the former relation between the growth 
of population and the growth of happiness persist? Has the great 
increase of population accelerating through a long series of years before 
1914 been arrested or turned into a loss? This is the main problem! 
wish to attack. But in approaching it I shall examine the following 
subsidiary questions, the answers to which, if they can be found, will 
illuminate the main problem: 

1. What losses of life among the belligerent powers were due directly 
to the war? 

2. What losses of life among the belligerent powers were due indi- 
rectly to the war? 

3. How did the probable population of the countries of Europe and of 
the continent as a whole about 1920 compare with that before the war? 

4. Does a study of the population changes enable one to discover any 
general principle or law stating the way in which population increases 
or tends to increase? 


1. WHAT LOSSES OF LIFE IN THE ARMIES AND NAVIES OF THE 
BELLIGERENT POWERS WERE DUE DIRECTLY TO THE WAR? 


Probably this question is one that can never be answered in other 
than very rough and inaccurate terms. Few countries which suffered 
heavy losses in the recent war came out with as complete records as 
1W. F. Willcox, ‘The Expansion of Europe in Population,’”’ Amer. Economic Rev. V: 751 et seg. 
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those with which the United States emerged from the Civil War; per- 
haps none in 1919 had resources of men and money requisite for such a 
study at all comparable with those of the United States in 1865 and 
later. In several participating countries the records are worse than 
those of the Confederacy after 1865, and the post-war collapse has been 
more serious. Yet the number of persons engaged in the American 
armies and navies on both sides and the number of casualties by wounds 
or disease have not yet been finally determined although the discus- 
sions have continued for a period of nearly fifty years. 

Several countries that participated in the World War—for example, 
Russia, Turkey, and Montenegro—are unlikely ever to furnish more 
than a very rough approximation to the losses of life in their armies. 
Other countries—for example, Austria, Greece, Hungary, and Serbia— 
have made as yet, I believe, no careful estimate even if they have the 
needed records. One at this distance can hardly know whether the 
facts in those countries are likely ever to be ascertained. Other coun- 
tries, of which Italy is an example, have made efforts to ascertain the 
losses, but have reached only provisional results. 

For the present I see no better course than to accept the figures of 
the best authority available as a starting point and to correct them if 
the evidence warrants. The best authority on this subject known to 
me is the Statistics Branch of the General Staff of the War Department, 
which has compiled a table of Military Casualties and kindly sent it to 
me in manuscript through the Adjutant General with permission to 
reproduce it or any part of it. The table shows an estimated total for 
the military forces mobilized on both sides of 65,000,000, of whom 
37,500,000, or nearly three fifths, were included as casualties under the 
three categories, “killed and died,” “‘ wound casualties,”’ and “‘ prisoners 
and missing.’”’ In estimating the losses of life the “‘ wound casualties,”’ 
nearly three fifths of the 37,500,000, and most of the “prisoners and 
missing” are to be disregarded, although no small proportion of the 
missing and not a few of the prisoners must have been among those who 
lost their lives as a direct result of the war. 

In response to a request for the authorities used by the War Depart- 
ment in the preparation of the table, I was informed that “ practically 
all the data were secured by the American attachés stationed in the 
various countries which had armies in the field during the World War. 
The statistics were furnished in the form of typewritten reports.” The 
only book to which I was referred was a compilation published by the 
British War Office called The British Military Effort, which I have not 
yet seen and which, I am informed, is already out of print. 

Table I reproduces one column of the War Department table and 
adds another containing figures differing somewhat in half the cases 
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from those of the War Department and for my purpose apparently 
preferable. The explanations following the table give the reasons for 


my preference: 


TABLE I 
REPORTED OR ESTIMATED CASUALTIES IN THE WORLD WAR 


Killed and died 


Allied and Associated Powers: 
Total 


German Empire 


38 


te 


The United States.—The tendency to get larger figures as the evi- 
dence is more carefully examined is well illustrated by the War Depart- 
ment figures, which were 112,432 in 1919, 115,934 in 1920, and 126,000 
in 1922. To the latest and largest of these figures should be added 
7,367 deaths in the navy as reported to me from that department. 

The British Empire.—I understand that the “official figures” of the 
War Department table do not include 101,000 of the 246,983 missing in 
the British Army who were put in a special class of ‘‘ presumed dead.” 
So I have added that number and also the 73,000 losses in the forces of 
the British Navy as shown in a statement of the First Lord of the 
Admiralty reported to me by the courtesy of the United States Navy 
Department. 

France.—These French “official figures” agree closely with the 
German 1,358,872 for the killed among the French “white troops,” to 
which number the latter source adds 67,000 for the deaths among 
Colonial colored troops. Neither source apparently includes the 
deaths in the French Navy which numbered about 12,287 according to 
an estimate from incomplete figures sent me by the Office of the Navy 


1 Stat. Jahrbuch, f. d. d. Reich vol. 42 (1921-2), p. 28, based on reports from the National Record 
Office and the Central Office for Information about War Losses and War Graves. 
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Records of our Navy Department. So I estimate the French losses at 
1,437,087. 

Belgium.—The wide difference between the American figure of 
13,716 and the German figure of 115,000 for the Belgian “killed and 
died” I am unable to explain. I adopt provisionally the smaller total 
because the American War Department seems more likely than the 
German office to have trustworthy Belgian sources of information. 

Italy —The preferred estimate adds 3,285 losses in the Italian Navy. 

Serbia.—The 45,000 seems probably below the truth, but the only 
other estimate I have found, 690,000 in the German Year Book, seems 
still less accurate. 

Roumania.—The War Department figure agrees with the German 
figure for dead and missing. So I prefer the German figure for the 
killed alone, namely, 159,000. 

Greece.—If the dead are supposed to include those who died after 
the drafting of the treaty of Sévres, this number of 5,000 should prob- 
ably be greatly increased. 

Russia.—The Director of the Russian Central Statistical Office in 
explaining the recent depopulation of Russia revealed by the partial 
census of August, 1920, ascribed a decrease of 2,500,000 to “military 
losses in the World War.” I am disposed to give more credence to 
this figure than to that of the War Department. 

The estimate of 2,500,000 military losses is obviously a mere guess 
incident to the effort to account for the decrease in the total population 
of Russia since 1914, a subject to be examined ina moment. The figure 
is of less value for our purposes because it takes no account of the prob- 
able surplus of births over deaths in Russia during the four years 
1914-17 inclusive. Whatever effect the war may have had during 
those years in decreasing births and increasing civilian deaths, it could 
hardly have wiped out the normal peace time surplus of about 2,000,000 
births a year. If there was a large natural increase in the population 
of Russia during 1914-17, then the loss between 1917 and 1920 would 
be greater than that between 1914 and 1920. 

The German Empire.—The figure in the German Year Book, pub- 
lished in July, 1922, seems more probable than that of the American 
War Department. 

Bulgaria.—I deem German figures more reliable than American in 
the case of Bulgaria also. 

In view of the general tendency of such estimates to increase with 
the increase of knowledge, of the likelihood that the Russian military 
losses are seriously understated even by the larger of the two figures in 


* League of Nations, Epidemiological Intelligence, Sept., 1922, p. 27. 
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Table I, of the fact that the German figures do not include any naval 
losses, and of the probability, very near a certainty, that among the 
7,750,000 “prisoners and missing’ and the 21,200,000 “‘ wound cagual- 
ties” in the complete War Department table there must have been 
hundreds of thousands, if not millions, who died of wounds or disease 
resulting directly from the war, I am convinced that 10,000,000 is 
a conservative estimate of the number who died as a direct result of 
their military or naval service. 


2. WHAT LOSSES OF LIFE AMONG THE BELLIGERENT POWERS WERE 
DUE INDIRECTLY TO THE WAR? 


The answer to this question depends largely upon whether the 
famines and epidemics which accompanied or followed the war—nota- 
bly the second and more deadly influenza epidemic in the latter part of 
1918, and in Russia the famines and epidemics of typhus, relapsing 
fever, cholera, smallpox, typhoid fever, and dysentery since 1917—were 
or were not indirect results of the military operations. The fact that 
the most destructive war in all history was followed by the most de- 
structive epidemic in modern history and the most deadly famine in all 
history seems enough to raise a presumption that they were inter- 
dependent phenomena. So with regard to the influenza epidemic of 
1918 I am inclined to accept provisionally the following suggestion of 
Colonel Cummins: 

The first wave coincided with the arrival of the first large drafts of American troops 
in Europe. These young contingents gathered from the remotest ends of a vast 
continent, meeting for the first time with the dwellers of far cities and countries, each 
group harmlessly infected with its familiar bacterial commensals but unprotected 
against those carried by its new neighbors, these freshly improvised troops must 
have brought into common circulation pathogenic strains that had long remained 
dormant in isolated and relatively immunized communities. The crowded troop 
ships afforded places that would permit of the maturation of such an infection; and 
Europe with its crowded concentration areas and billets offered an unequaled oppor- 
tunity for its spread.! 

In 1918 the number of deaths registered in British India exceeded by 
seven and three-fourths millions the average annual number in the pre- 
ceding five years, and the death rate shot up from 32.7 to 62.5 per 1,000. 
Of this staggering increase about five-sixths was ascribed to “fevers,” 
and of these deaths no doubt a large proportion were due to influenza. 
“The great majority of this excess mortality occurred in the last four 
months of the year. There was no abnormal prevalence of other com- 
municable diseases, so it is justifiable to accept this figure (7,000,000) as 
a rough approximation of the influenza death roll in British India.” * 


1 Ency. Brit., Eleventh Edition, Supp. Volume 31: 489, “ Influenza.” 
2 Report on Pandemic of Influenza, p. 383. 
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The note accompanying the provisional totals of the Indian census of 
1921 states that the epidemic of influenza in 1918 “dominates all other 
direct influences on the movement of the population” in the decade 
1911-21.1_ More recently the Census Commissioner for India, in a lec- 
ture to the Indian Section of the Society of Arts, has put the mortality 
from influenza in India in the year 1918-19 at 12,500,000.? 

For Russia the Director of the Central Statistical Office has recently 
estimated the “surplus mortality largely due to the great epidemics” at 
2,500,000. This estimate would be much swollen if allowance were 
made for the increase of the population of Russia between 1914 and 
1918. My own provisional opinion is that in the various belligerent 
countries, including India and China, many more persons died of in- 
fluenza during the epidemic of 1918 than the 10,000,000 suggested as a 
minimum in the armies and navies who died of wounds or disease. 

The Health Section of the League of Nations in January, 1922, began 
to issue a quarterly publication, Epidemiological Intelligence, devoted 
mainly to setting forth the health conditions in Russia and adjoining 
countries. The March and October issues contain a report to the 
League on Epidemics in Russia since 1914, submitted by Professor 
Tarassevitch of Moscow. From this report it appears that in Russia 
the epidemic of influenza was not the dominating feature of the health 
situation even in 1918. Close on its heels, that is, in October and 
November, 1918, came an outbreak of typhus which spread with the 
rapidity of the medieval plagues. Typhus is still decimating the pop- 
ulation of Russia and, with its close relative, relapsing fever, has been 
and is the dominating epidemic disease in that country. With regard 
to this scourge the years just before the war showed favorable condi- 
tions, and apparently (7. e., judging from the registration reports) there 
was little increase of typhus in Russia between 1914 and 1917. In fact, 
however, the disease was steadily spreading; but the system of register- 
ing deaths and of notifying for contagious diseases was simultaneously 
breaking down, the two changes about balancing each other. Professor 
Tarassevitch is sure that the war paved the way for the epidemics. The 
assistant health commissioner, whose duties are with the anti-epidemic 


' Royal Statis. Soc. Jour., vol. 84, July, 1921, p. 606. 
By “Various statistical methods have been adopted to estimate indirectly the death roll of the epidemic 
in 1918. . . . Without describing these methods in detail I may give the official result arrived 
at as about 7,100,000 persons. To this must be added over 1} million of deaths in 1919 . . 
and we get a resulting mortality of nearly 8} million. . . . This figure applies only to the areas 
under registration which contain little more than two-thirds of the total population of India. . . . 
The areas for which no vital statistics are available were more severely affected than a larger propor- 


tion of the registered area. . . . Weshould probably have to add a figure of at least four millions 
of deaths in these areas and thus arrive at a total mortality of at least 12} millions for India. . . 
Even this conservative estimate . . . exceeds by over a million the recorded number of deaths 


from plague in India extending over 23 years.”"—J. T. Martin, “The Census of India of 1921,” Royal 
Sec. of Arts, Vol. LXXI, p. 362b, April 6, 1923. 
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service, says: ‘‘The population, exhausted by the long war, subjected 
to a serious economic crisis, suffering from lack of nourishment and bad 
food, and crowded together in dirty and unheated houses, provided an 
excellent breeding-ground for typhus; a rich and terrible harvest was 
reaped from the seeds sown during the war.” ! This epidemic resulted 
in more than six million registered cases of typhus in Russia between 
October, 1918, and the end of 1920. Because of the progressive break- 
down of the registration system, Professor Tarassevitch is convinced 
that the number of typhus cases actually occurring was certainly three 
times and very possibly five times as great as the reported number, 
He concludes: ‘‘I believe that a total of 25 millions is nearest to the 
truth; in any case, the true total lies in my view between a minimum of 
20 millions and a maximum of 30 millions,’ which is between one fifth 
and one fourth of the entire population. ‘The number of deaths from 
typhus,” he adds, ‘‘may be estimated at approximately 1,000,000 if 
official statistics are alone considered; at 1,500,000 to 1,800,000 if the 
total of the mortality suggested by Syssine be accepted; and at 2.5 or3 
millions according to my estimate.”? Professor Tarassevitch estimates 
the number of cases of relapsing fever in Russia, 1918-21, at eight to 
ten million, but the deaths per 1,000 cases of this disease are not more 
than one-third as numerous as are the deaths from typhus fever. 

The second installment of his report definitely ascribes these waves 
of disease, unparalleled in the modern European world, to the great war. 
He says: 

The chief immediate causes of our epidemics and of our depopulation are as follows: 

(a) Poor and insufficient nourishment, amounting at certain times and in certain 
districts to absolute famine; 


(b) Dirt due to shortage of soap, linen, etc.; 
(c) Cold in the houses (due to lack of fuel) with all the effects that such cold may 


produce upon health; 

(d) Overcrowding in houses, particularly in the towns; 

(e) Highly unsatisfactory condition of railway traveling; 

(f) Shortage of sanitary and medical appliances, deterioration of water supply aad 
drainage, etc.; 

All these phenomena are themselves the direct results of the world war, of the civil 
war, of the prolonged blockade, and of the intense revolutionary crisis through which 
Russia is now passing. 

On the other hand it should be noted that Lenin said, on November 
13, 1922, before the Congress of the Communist International at 
Moscow: “In the course of one year the peasants have mastered the 
famine situation. . . . We can confidently assert now that the 
peasantry is content with its present condition.” So far as his state- 


1 Epidemiological Intelligence, March, 1922, p. 15. 
2 Loc. cit., p. 23. 
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ment seems inconsistent with that of Professor Tarassevitch, I am 
disposed to give greater weight to that of the latter. 

In the March issue of the Epidemiological Intelligence is a table giving 
other results of the same census and showing the population of 17 
Russian cities in 1913 and 1920. One of the cities, Samara, increased; 
the other 16 showed decreases ranging from 8 to 70 per cent. Leaving 
out of account the exceptional case of Petrograd, the population of 
which decreased by 1,613,000, a number greater than the entire popu- 
lation of Philadelphia in 1910, the other 16 cities together have lost 
1,290,000 persons, or slightly more than one third of their combined 
population. This confirms and makes precise the statement of many 
observers that Russian cities have suffered much more than the country 
districts. If we include Petrograd, these 17 Russian cities have lost in 
eight years 2,900,000 people, or nearly half (47 per cent) of their 
population. 

While these cities as a group have lost 47 per cent, the rest of the 
enumerated area has lost only 6.3 per cent. Thus the sufferi.g in the 
cities, so far as it is reflected in a loss of population, has been nearly 
eight times that in the country. Whether the suffering in the country 
will become more widespread and destructive, as the events of 1921 
suggest, I do not venture to prophesy. 

The successive issues of the Epidemiological Intelligence contain the 
only first-hand information from trustworthy Russian sources that I 
have found about the epidemics of contagious disease which have 
decimated the Russian population. They tell us little or nothing about 
the famines which hold that country in its grip, for famines, however 
deadly, are not contagious and so lie outside the field of international 
health. For information regarding Russian famines we have another 
source. During 1922-23 the Manchester Guardian issued a series of 
twelve monthly numbers dealing with problems of reconstruction in 
Europe. The series is under the able editorship of J. M. Keynes, and 
among its contributors are many of the ablest public men in the various 
countries of Europe. The series of Russian articles on ‘‘ The Economic 
Progress of the Soviet Republic,” in the issue of July 6, 1922, was 
organized and arranged by direction of Lenin, who had promised to 
write an introduction to the series but was prevented by illness. 
Maiski, Chief of the Russian Press and Information Department, tells 
us that after the years of war and blockade “the area of cultivation had 
decreased almost by half” and “the number of working cattle had been 
reduced still further.”! Nansen says that “the total population now 
affected” by the Russian famine “cannot be less than 45,000,000.’’2 


1 Page 214b. 2 Page 232b. 
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Ammende, of the Esthonian Red Cross, says ‘“‘the Russian famine 
surpasses all such catastrophes the world has ever seen”! and “the 
number of the famishing populations is stated . . . at about 
33,500,000, proving that the Russian disaster surpasses by far all similar 
famines in India or China, where the number of starving people even in 
the most fatal years did not exceed 20 to 25 million.”? Strumilin says: 

The total loss amounts to 21 million persons out of 154 millions, or 13.6 per cent, 
But for the able-bodied population of the ages from 16 to 40 the proportion increases 
to 20 per cent, and in the case of the males of working ages even to 28 per cent, 
. . . But this is not all. To the killed and those who died must be added those 
of both sexes who were permanently incapacitated during the war—cripples and 
invalids. These were 4.4 M.’ 


The deaths from famine in Russia, as distinguished from war and dis- 
ease, must have numbered many million. 


3. HOW DID THE PROBABLE POPULATION OF THE COUNTRIES OF EUROPE 
AND OF THE CONTINENT AS A WHOLE ABOUT 1920 COMPARE WITH 
THAT ABOUT 1910 AND ABout 1914? 


Here it is better to start from the present boundaries of the various 
countries of Europe, the post-war map, and where boundaries have 
changed, to ascertain, if possible, what was the population residing 
about 1910 within the boundaries as now defined. Countries contain- 
ing in 1910 nearly seven eighths of the population of Europe can be 
studied in this way. The other one eighth includes countries, like 
Hungary, which have taken censuses since 1918, or at least made official 
estimates of the population, but for which I have been unable to learn 
the population on the same area in 1910, and countries, like Lithuania, 
whose boundaries are still undetermined and for whose population no 
trustworthy estimates at either date have been found. A study of the 
available returns shows that Europe may be roughly divided into a 
western and an eastern part. All the countries of the western division, 
except France, increased in population in the decade 1910-20; all those 
of the eastern division for which the information is obtainable, except 
Finland, decreased in population. The results are shown in Table II. 

The figures for the population of Poland in Table II have been de- 
rived from a memorandum on that subject kindly sent me in manv- 
script by Dr. E. D. Durand, Chief of the Eastern European Division in 
the Department of Commerce. 

For the population of the present territory of Soviet Russia in Europe 
I accept the figure given in the Soviet Statistical Year-Book for 1920, 
also kindly furnished me by Dr. Durand—101,735,000. The popula- 


1 Page 233a. 2 Page 235b. 3 Page 227b. 
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tion living in the same area in 1914 I have roughly computed from 
statements of the Director of the Russian Central Statistical Office, 
M. W. Mikhialovski, in a recent article interpreting the results of the 


Russian census of August 28, 1920." 
TABLE II 


POPULATION OF CERTAIN COUNTRIES OF EUROPE WITHIN POST-WAR BOUNDARIES 
BEFORE AND AFTER THE WAR WITH DECENNIAL INCREASE OR DECREASE 


He states that the population of 
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WESTERN 


EUROPE 


Population 


Per cent of 


About 1910 


About 1920 


Increase 


Decrease 


Belgium 
Netherlands......... 
Switzerland 


Gm 


3.9 

9.9 

7,684,272! 195,968 | ...... 2.6 
5,858,175 6,841,155 ae 16.8 
3,753,293 »880,320 127,027 | ...... 3.4 
211, 224,859 lh 6.3 
36,079,673 | 37,507,953 | 1,428,280 | ...... 4.0 
10,828 12,027 11.2 
2,938,698 3,289,195 350,497 | ...... 11.9 
2,391,782 254,524 | ...... 10.7 
5,522,403 5,993,762 381,359 | ...... 6.9 
58,454,941 | 59,858,284 | 1,403,343 | ...... 2.4 
234,301,207 | 240,514,104 | 6,218,897 | ...... 2.7 


EASTERN 


EUROPE 


Grand Total .... 


6,371,524 
13,596,601 
29. 


,900,000 
3,115,197 


115,600,000? 


6,131,445 
13,595,816 
27,160,163 

3,335,237 


101,735,000 


240,079 
785 
2,739,837 


; 
wooo 


168,583,322 


151,957,661 


16,625,661 


402,884,529 


392,471,765 


10,412,764 


1 Estimate. 


Russia. 


? Estimate for the population in 1914 of the area now included in European Soviet Russia. 


European Soviet Russia decreased during 1914-20 by 14 per cent, that 
of the Ukraine by 9 per cent, and that of northern Caucasus by 5 per 
cent, or about 12 per cent for all of the present European Soviet Russia. 
If he is correct, the population in 1914 of the present European Soviet 
Russia was about 115,600,000. This seems to me a conservative esti- 
mate, probably understating the 1914 population of European Soviet 
Certainly it is much below the figure as determined shortly 
before the war by the Russian Central Statistical Committee. 

1 Epidemiological Intelligence 4: 27. Sept. 1922. 


Decennial change 
Country 
| Increase Decrease 5 
Engla 34,045,290 35,678,530 | 1,633,240 eee ine be 
Wales 2,025,202 | 2,206,712 | 181,510 
Scotla 4,760,904 4,882,288 121,384 
Irelanc 4,390,219 4,496,000! 105,781 
Isle of 52,016 60,238 8,222 
Chan: 96,899 89,614 7,285 7.5 
Fran 41,475,523 | 39,209,766 | ...... 2,265,757 5.5 
—.......... 7.5 
San Marino......... 
German Empire ..... aie 
| 
Czecho-Slovakia..... 
Finland............ 220,040 | ...... |_| 
13,865,000 8.7 é 
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Table II shows that between 1910 and 1920 western and central 
Europe increased in population by more than six million, or 2.7 per 
cent, while eastern Europe apparently has decreased in population by 
more than sixteen million, or nearly 10 per cent. So far as losses of 
population measure the injuries of the war and its accompaniments, it 
would seem that eastern Europe and France have borne the main 
burden. 

Let me assume that my argument thus far has seemed to establish a 
balance of probability, even though it be a slight one, in favor of the 
following conclusions: 

1. That the direct losses of life from wounds, accident, and disease 
in the belligerent armies and navies during the Great War, the minor 
or localized wars which have followed, and the subsequent period of 
demobilization were not less than 10,000,000. 

2. That the pandemic of influenza in 1918 may have originated in 
war conditions or been fostered by them. 

3. That mankind’s ability to resist its attack was certainly and 
greatly impaired by the war. 

4. That it caused not less than 10,000,000 deaths almost surely in the 
world as a whole, and probably in the population of the belligerent 


powers alone. 


5. That the other epidemics, following closely in its wake and thus 
far confining their serious effects mainly to eastern Europe and western 
Asia, have probably been as destructive of life as the influenza epidemic. 

6. That as a result the total population of Europe has been rapidly 
decreasing since 1917. 

With these conclusions as a basis we are ready to examine the last of 
the four questions with which we started. 


4. DO THESE GREAT CHANGES OF POPULATION REVEAL ANY GENERAL 
PRINCIPLE OR LAW OF POPULATION GROWTH? 


We have been told of late, and on weighty authority, that increase 
of human population is a biological matter, that there is a law of popu- 
lation growth capable of mathematical formulation, that the curve of 
growth or population orbit is so regular that the amount of a country’s 
population in the future, even a future so remote as a century or two, 
can be anticipated with some confidence and that “neither a highly 
destructive war (like the World War) nor the most destructive epidemic 
since the Middle Ages serves more than to cause a momentary hesita- 
tion in the steady onward march of population growth!’’! I see no 
convincing reason to believe in regular curves of growth or population 


1 Raymond Pearl, The Biology of Death, p. 246. 
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orbits susceptible of representation by mathematical equations through 
the help of which it is possible to forecast the future growth of popula- 
tion. It is claimed that we already have “‘a first approximation to the 
true natural law of population growth,” ' and from that law it is inferred 
that the maximum future population of the United States will be about 
197,000,000 and will be reached in somewhat less than two centuries. 

If there is a population orbit and a law of population growth, then 
clearly the population of a country, past or future, may be determined 
therefrom. We cannot bring the resulting prediction for the future to 
the test of experience until that future is reached, but in the case of one 
country, France, we can test the value of the formula in a rough way 
for the period before 1801, when French censuses began. In the follow- 
ing table I have put in the first column the population of France which 
this theory apparently calls for at a given date, and in the second the 
probable population of France at the same date as determined by 
Levasseur: 
TABLE III 


Population of France in millions by 


Levasseur’s estimate 


Theory 


Less than 1 20.0 19.0 
Less than 1 21.0 20.0 


It is evident that as one goes further back this first approximation to 
the law of population growth gives results departing more and more 
widely from the facts. I have a suspicion that as a guide for predic- 
tion it will be found to have the same fault, and that the new method of 
forecasting the growth of population will soon follow its many pred- 
ecessors into the discard. 

My scepticism goes deeper. I do not believe in the existence of any 
simple law of population growth. I do not believe that population 
grows smoothly and steadily, but rather that the line symbolizing its 
growth contains inflexions or angles. This is illustrated by the growth 
of the negro population in the South before and after 1880, as well as by 
the growth of the population of Europe before and after 1915. 

There is little reason to anticipate for the future a continuous and 
indefinite increase of population. The idea of an optimum population 
whereby under any given conditions the greatest per capita productiv- 


Ibid., Pp. 253, 
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ity tends to be secured or approached seems plausible, but for the 
present hardly established by statistical proof. This idea has been 
advocated with much persuasiveness and with a wide range of ap- 
thropological knowledge by Mr. Carr-Saunders in his recent book, 
The Population Problem. The statistical evidence, however, which he 
offers in support of his thesis is inadequate and unconvincing. Let me 
only point out in closing that if his contention should ultimately be 
established it would seem to provide a prop rather than a blow for my 
main conclusion. That is, if mankind and its divisions at various 
stages of civilization, and mainly by undesigned methods, tend steadily 
to adjust their numbers to the optimum number for that stage, then 
the increase of the optimum number and the concomitant increase of 
population are a measure—are, indeed, in my judgment, the only 
quantitative measure which has yet been reached and which is appli- 
cable to all mankind—of human progress. 
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Correlation of Time Series 


CORRELATION OF TIME SERIES! 
By WarrEN M. Persons, Harvard University 


Each item of a time series of statistics is an aggregate or average or 
relative number applying to a definite interval or point of time. Unless 
otherwise specified, the several items of a series are understood (1) to 
refer to equal time units, (2) to be consecutive in time, and (3) to be 
constructed according to a fixed criterion or standard. Illustrations 
of time series are: the population of continental United States at each 
census, the aggregate pig-iron production per month of a representative 
number of blast furnaces, average rates on commercial paper each week 
or month, index numbers of prices on the first of each month. 

The items of time series must be defined for selected units of time— 
the week, the month, the quarter, the year. Because of this fact the 
items are ordered in time and therefore are affected by the same or 
related influences during adjacent time-intervals. In other words, 
each time series is a function of time and, presented graphically, has a 
characteristic conformation. In this respect time series differ from 
other series of statistics, such as the wage rates of different individuals 
or the populations of different countries at a given time. 

Four types of variations are commonly found in the ordered items of 
time series. They are, first, variations which occur within each year 
as a consequence of the round of the seasons by which the items for 
certain weeks or months are regularly higher or lower than those for 
other weeks or months of the year; second, a long-time movement or 
secular trend covering a considerable period of years by which the 
average size of the items makes a permanent gain or suffers a permanent 
loss; third, irregular fluctuations resulting from wars, panics, strikes, 
etc.; and fourth, wave-like or cyclical movements—which may or may 
not be periodic—connected with the ebb and flow of business. 

If our problem is to ascertain the relationship between two series 
ordered in time it is of little avail (or actually misleading) to compute 
the coefficient of correlation from pairs of the actual items. In case the 
two series possess definite trends or seasonal variation the coefficient of 
correlation for the items will yield a value different from zero. Having 
found such a coefficient we would be unable to say what contributed 
most largely to the result—similar (or diverse) trends, seasonal varia- 
tions, cyclical movements, or irregular fluctuations. Generally in the 
comparison of two time series it is the relation between their respective 

To be published in the Handbook of Mathematical Statistics, Houghton Mifflin Co. Copyright 1923. 
2 
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cyclical variations that is most interesting from the practical point of 
view. In order that this relation may be set forth either graphically or 
by use of the correlation coefficient, it is necessary to remove from the 
actual items that portion of their values ascribable to secular trend and 
seasonal variation. It would be desirable also to eliminate the irregu- 
lar fluctuations, but this appears to be impossible in general because, 
by definition, such fluctuations are unsystematic. Our problem, then, 
resolves itself into two parts, first, the measurement and elimination of 
seasonal variation and secular trend from each series under investiga- 
tion, and, second, the measurement of the correlation between the two 
series of items thus “‘ corrected.” 


SEASONAL VARIATION 


The problem of measuring seasonal variation is that of isolating from 
a time series a typical movement having a period of one year. In attack- 
ing this problem it is essential to adapt our methods to the material 
which we are using: time series in which seasonal variations, unlike 
those of the physical sciences, do not usually occur with a high degree 
of uniformity. Furthermore, the problem is greatly complicated, espe- 
cially when economic series are our material, both by numerous irregu- 
lar fluctuations and by lack of homogeneity over a long interval of time. 

Suppose that there is given a series of economic statistics, the 
monthly items of which we shall designate by y, and that we seek to 
measure the seasonal variation. The procedure is as follows: 

First, for every month, except the first, calculate the link relative, 
which is the ratio of each item of the series to the preceding item, or 


Yi In this way each January item is expressed as a percentage 
Yi-1 

of the preceding December, each February item as a percentage of the 
preceding January, and so on. 

Second, arrange the January link relatives in a frequency table, the 
February link relatives in another adjacent frequency table, and so on 
for the remainder of the months. An illustration of the several fre- 
quency tables thus secured for the monthly rate on 60-90 day commer- 
cial paper in New York, January 1890—January 1917, is given in Table I. 

Third, find the median of each frequency table.? 

Fourth, express each median link relative as a percentage based on 
January by progressively multiplying or “chaining” the medians. 

1 The method is, essentially, the one described in the Review of E. mic Statistics, J 'y, 1919, 
pp. 18-31, of the article by W. M. Persons on “Indices of Business Conditions.” 

2 The average of three or four central items might appropriately be taken instead of the median. In 
case of a very large number of items in the frequency tables having a clearly marked class of concentra- 
tion, the measurement corresponding to that class, the mode, might appropriately be taken as the typical 
seasonal relative. Economic series are not, however, sufficiently long or homogeneous to make the use 
of the mode practicable. 
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Frequency Distributions, Arranged by Months, of Relatives Found by Expressing 
the Rate on 60-90 Day Commercial Paper in New York Each Month as a Percentage 
of the Item for the Preceding Month: January 1890-January 1917 
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Thus, January is taken as 100; the product of this 100 by the February 
median (percentage) gives the February item of the chain series; the 
product of this result by the March median gives the March item; and 
in a similar way we get successively all of the items to December of the 
chain series. If the computed December item is multiplied by the Jan- 
uary median, we shall find that the result will not ordinarily be 100 but 
some other percentage. That is, the process of chaining medians, or 
any averages except the geometric means of a series in which the initia] 
and final items are identical,’ gives rise to some discrepancy. 

Fifth, distribute the discrepancy among all the items of the chain 
series, using either a geometric or an arithmetic basis for adjustment. 
The object of the adjustment is to make the computed January chain 
relative equal 100. 

Finally, alter proportionally the revised relatives thus secured so that 
their arithmetic mean shall be 100. These final figures are the adjusted 
monthly indexes of seasonal variation. 

Expressed in mathematical symbols the process of finding the ad- 
justed indexes of seasonal variation is as follows: 

Let 71, 73, + be the medians of the link relatives (ex- 
pressed as decimals). 

Let 100, ce, cs, . . «. C12 be the chain relatives obtained by pro- 
gressive multiplication, with January as 100. 

In this series of equations r; and c; do not appear. If we computea 
value for January (represented by c:) we shall have c;=cyr;. The 
product cir; will not, in general, give 100 but some discrepancy in 
excess or defect of 100. 

Assuming that the discrepancy may be appropriately distributed by 
applying a constant factor 1+d to the monthly medians of link rela- 


tives, we have 
100 (1+d)"=cyr, 


from which 1+d may be computed. 
If, now, we adjust the chain relatives as follows: 


00 Ce C3 C12 
(1+d)" (1+d)"’ (1+d)" 
the last term will be 100 and the discrepancy thus disappears.’ 


1 The discrepancy for a chain series of geometric means in which y, and yy are the initial and final 


a 
actual items (referring to the same calendar month) of the series is WF cemcnmmannes 
Yo 


years covered by our monthly series. 28ee footnote on p. 717. 
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The computation is greatly facilitated by the use of logarithms. A 
scheme for the computation is given in Table II. 


TABLE II 


COMPUTATION OF INDEXES OF SEASONAL VARIATION 
(Rates on 60-90 Day Paper, Jan. 1890-Jan. 1917)! 


- Logarithm of : Index of 
Logarithm of Logarithm offLogarithm of adjusted odiusted | seasonal 
Median of link | median link} onths | adjustment | chain index ith J variation 
relatives relative eat = factor? | with Jan. as 8 | (average for 
(log r) (log ¢) log (1+) ¢ (a) year = 100) 
os (log a) (s) 
89 1.9494 Jan. 2.0000 0.0000 2.0000 100.0 97.0 
96 1.9822 Feb. 1.9822 0.0036 1.9786 95.2 92.4 
105 2.0212 Mar. 2.0034 0.0072 1.9962 99.1 96.1 
99 1.9956 Apr. 1.9990 0.0109 1.9881 97.3 04.4 
98 1.9912 i 1.9902 0.0140 1.9762 94.7 91.9 
1.9912 June 1.9814 0.0181 1.9633 91.9 89.2 
108 2.0334 July 2.0148 0.0217 1.9931 98.4 95.4 
109 2.0374 Aug. 2.0522 0.0253 2.0269 106.4 103.3 
108 2.0334 Sept. 2.0856 0.0290 2.0566 113.9 110.5 
102 2.0086 Oct. 2.0942 0.0326 2.0616 115.2 111.8 
98 1.9912 Nov. 2.0854 0.0362 2.0492 112.0 108.6 
102 2.0086 Dec. 2.0940 0.0398 2.0542 113.3 110.0 
89 1.9494 Jan. 2.0434 0.0434 
Arithmetic 


1 Based on data published in the Review of Economic Statistics, January, 1923, p. 28. 
2 Time (¢) measured in months from January. Log (+d=5 (0.0434). 


The advantages of using the method just outlined, compared, for 
instance, with the method of arithmetic means of the actual January 
items, February items, etc., are as follows: 

1. The frequency distributions of link relatives enable one to judge 
the degree of regularity of month-to-month (or seasonal) changes. The 
closer the grouping of relatives for a given month about any value, the 
more pronounced and significant is the seasonal movement for that 
month. 

2. The use of the median (or average of central items) is a device by 
which the influence of extremely large non-seasonal variations (such, 
for instance, as the sudden decline of money rates after the defeat of 
Bryan in November, 1896, or the rapid rise in August, 1914) may be 
greatly moderated.! 

3. It is possible to utilize non-homogeneous statistical series in the 
measurement of seasonal variation. For instance, link relatives for 
the bank clearings of 50 representative cities for one interval may be 
combined with link relatives for the clearings of 100 representative 

*To adjust by an arithmetic process we would of course apply the equation of condition: 
(asm —100) 
There is theoretical preference for geometric distribution of the discrepancy, but the two methods are 
unlikely to yield significantly different results in ordinary practical cases. 


1W. L. Crum, “The Use of the Median in Determining Seasonal Variation,"’ Jour. Amer. Statis. 
Ass'n., March, 1923. 
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cities for another intervai. Likewise, the method may be used when 
only adjacent pazrs of items are comparable. 


Series of economic statistics sometimes occur, covering an interval of 
10 or 15 years, in which the items are strictly homogeneous and not 
affected by large irregular fluctuations. In such cases the method of 
arithmetic or geometric means of all the actual items for corresponding 
months may be used in determining indexes of seasonal variation.! 


If we assume (as dues W. L. Hart in ‘The Method of Monthly Means for Deter- 
mination of a Seasonal Variation,” this JourNaL, September, 1922, pp. 341-349) that 
monthly series of economic data are described with sufficient accuracy by trigonomet- 

30° 
ric functions, such as f(t)=A+B sin ¢(30°)+C sin ¢ (= 
strated that the method of monthly means gives the correct seasonal variation for 
such functions. Thus, in the function given above, where 
i=time in months 
n=an integer (two or greater) 
B sin ¢ (30°) =seasonal variation component, period of 1 year 


30 
C sint (= = cyclical variation component, period of n years, the arithmetic mean 


, then it may be demon- 


of the values of the function f(t) for corresponding months (each July, for instance) 
during a complete cycle (n years) will be A+B sin ¢ (30°). Since the arithmetic mean 
of all values of the series is A, we get the seasonal variation components by subtracting 
the average for all months from the average of each of the 12 groups of corresponding 
months. 

If instead of building up an additive function suppose we construct a product 
function as follows: 


(*) 

S(t) =A Bsin t (ae) csint 7, 
For this function the geometric mean of the values for corresponding months during a 
complete cycle will give the correct seasonal variation. The demonstration of the 
statement just made follows immediately from the theorem cited by Mr. Hart 


(Bécher, Annals of Mathematics, Second Series, Volume 7 (1906), page 135, Formula 
63). 


Comparison of the results obtained by the median and the arith- 
metic average methods of securing indexes of seasonal variation for an 
illustrative case—the longest monthly series available, rates on com- 
mercial paper since 1866—is given in Chart I.2 Examination of the 
actual data, 1866-1913, showed that there were the following four 
periods with characteristic fluctuations: 


1 If in the median method (previously described) geometric averages of the link relatives had been 
used (instead of medians) and these averages had been multiplied together progressively to secure & 
continuous series of relatives with a fixed base, the result would have been identically the same as that 
secured by expressing the original items in terms of a fixed base and then taking the geometric averages 
of these percentages. 

2 The data upon which these computations are based may be found in the Rev. of Economic Statis., Jan., 
1923, p. 28. The table has been revised slightly since the computation of the seasonal indexes here 
quoted. 
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Cuart I. CoMPARISON OF THE INDEXES OF SEASONAL VARIATION FOR RATES ON 
60-90 Day ComMeERcIAL ParPerR CoMPUTED FOR VARIOUS PERIODS BY 
(A) THE Mepian AND (B) THE ARITHMETIC AVERAGE METHOD 
Median Method Arith. Av. Method 
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1866-73: Violent fluctuations on a high level 
1874-89: Narrow fluctuations on a lower level 
1890-99: Marked irregular fluctuations 
1900-13: Very few irregularities 


Two sets of seasonal indexes, one based on medians of the link relatives, 
the other on arithmetic averages of the actual items, were computed 
for each of these four periods and, in addition, for the period 1890-1916. 
The five pairs of indexes are presented graphically. It is evident that 
the two sets of indexes for the periods 1874-89 and 1900-13, in which 
there are no important irregular variations, almost coincide; while the 
pairs of indexes for the disturbed periods 1866-73 and 1890-99 differ 
widely. However, if the erratic and clearly non-seasonal fluctuations 
of the panic months of the autumn of 1873 be omitted from the arith- 
metic averages, the resulting indexes for 1866-73 will be very much 
closer to the indexes based upon medians.' Likewise, if the panic year 
1893 with its wide fluctuations be omitted from the arithmetic averages 
for 1890-99 the resulting indexes will closely approximate the median 
indexes. 

Finally, the selective effect of using the median method is clearly 
shown when the period 1890-1916, having both highly disturbed and 
comparatively undisturbed sections, is taken. Omission of the dis- 
turbed years 1890, 1893, 1896, 1898, 1907, and 1914 (with their non- 
seasonal fluctuations) from the arithmetic averages gives results which 
agree (within the limits of accuracy of our data) with those obtained 
by the median method in which all of the data were utilized. The 
seasonal indexes for the period 1890-1916, given in Table III, are based 
upon (A) the arithmetic averages for 1890-1916, (B) the arithmetic 
averages for 1890-1916 excluding 6 disturbed years, and (C) the median 
link relative method for 1890-1916. The absolute sum of the differ- 
ences between corresponding indexes A and B is 20.9, and that between 


TABLE III 
INDEXES OF SEASONAL VARIATION! 


Feb. | Mar. | Apr. | May | June Aug. | Sept. | Oct. | Nov. | Dec. 


7 | 97.4 | 95.0 | 91.2 : -2 | 106.3 | 111.7 | 111.5 | 106.5 | 105.6 
4 | 97.7 | 95.0 | 91.1 .2 | 95. 101.8 | 108.5 | 111.0 | 107.8 | 111.0 
2.1 


91.5 .2 | 102.9 | 110.2 | 111.5 | 108.4 | 110.7 


90. 
92 


1 Computed from data published in Indices of General Business Conditions, by W. M. Persons, p; 
2 Indexes “A” are upon the 27 years 1890-1916; indexes “B” are based upon the same period ae a the dis 


turbed years 1890, 1893, 1896, 1898, 1907, 1914. 
3 Indexes ““C” differ somewhat from those given in the last column - Table II because the latter are based upon the 


revised data published in the Rev. of Economic Statis., Jan., 1923, p. 2! 


1 For instance, exclusion of 1873 from the arithmetic averages results in altering the seasonal index for 
October from 120.4 to 111.7; the index based upon the medians for all years is 110.9. 
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indexes B and Cisonly 9.7. Itisclear, therefore, that the non-seasonal 
movements of disturbed years distort the seasonal indexes obtained by 
the method of arithmetic averages. Moreover, it may be pointed out, 
the extremely high or low items of an economic series are precisely the 
ones concerning which the accuracy of the data is in greatest doubt. 


SECULAR TREND! 


The problem of measurement of the secular trend of a time series is 
that of fitting a straight line or curve to the graph obtained by plotting 
times as abscissas and the items as ordinates. In computing the trend 
for a monthly series extending over a number of years it is not necessary 
to work with monthly items; a series of annual averages may be sub- 
stituted and much unnecessary computation avoided. Usually we 
may assume that the trend is a straight line; in other words, that if the 
trend were the only source of variation in the series, the actual change 
in value between two consecutive months would be strictly constant. 
In such a case the particular straight line which represents the trend is 
the one which best “fits” the data, the criterion of fit being that the 
sum of the squares of the deviations? of the points corresponding to the 
data from the line shall be a minimum. 

To determine this straight line for a series of annual items yj, ye, ys, 
i. int Yn, proceed as follows: Measure time (¢) from the central 
item of the series, or, if the number of items is even, from the point 
midway between the pair of central items. For an odd number of 
annual items the abscissas would be . . . , —3, —2, —1, 0, +1, 
+2,+3, . . . and the unit one year; for an even number of items 
the origin would be midway between the central pair and, to avoid 
fractions in the computation, the abscissas would be . . . , —5, 
—3, -—1, +1, +3, +5, . . . and the unit one-half year. If the 
origin for time be so chosen, the annual increment of the line of trend 


will be =; and the y-intercept will be zy or the arithmetic mean of 
n 


the items.’ The slope of the line of secular trend can easily be found, 


. |For a discussion of the general problem of curve fitting see Handbook of Mathematical Statistics 
Chap. IV. 
* The deviations mentioned are measured parallel to the axis of ordinates. 
3 y =annual average of monthly items 
¢t=time in years measured from the center of the period covered 
nm =number of years in period 


2y =ordinate of trend for center of period 
n 


=monthly increment of trend 


12 =e 


i ae =the ordinates of secular trend for the first and last: months respectively of the period 


When the number of years is even, substitute ; for ¢ in the above formulas. 
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therefore, by the following computations: First, multiply the original 
items by a series of integers denoting units of time, half of which are 
positive in sign and half negative; second, find the algebraic sum of the 
products thus secured; third, find the sum of the squares of the series 
of integers; and, fourth, take the ratio of the first of these sums to the 
second. 

The object of finding a line or curve of secular trend is primarily to 
secure a function describing the general movement of a time series for 
a completed historical interval, covering, if possible, several business 
cycles. The function which best fits the data of a completed historical 
interval ending with the present, however, is not necessarily the best 
function for estimating the future trend. For estimating future trends 
both the type of function and the interval should be selected with 
reference to that specific problem. 


ELIMINATION OF SEASONAL VARIATION AND SECULAR TREND 


Assuming that we have measured satisfactorily both seasonal varia- 
tion and secular trend, the next problem is to “correct”’ for these 
factors the original items of the time series. Let the original items be 
represented by y, corresponding indexes of seasonal variation by s, and 
corresponding ordinates of secular trend (in terms of the original unit 
of tons, dollars, etc.) by o. If there were no irregular or cyclical varia- 
tions affecting the series, each item would be represented by so, which 
we may appropriately designate the “normal” value.' Since the 
original item is represented by y, the expression y—so is the deviation 


from “estimated normal,” and ed or 2 —1 is the relative deviation 


from estimated normal. This is the formula according to which we 
compute our ‘‘corrected”’ series.” 
If it be desired to correct the original items for seasonal variation 


alone, the form z may be used, the result being expressed in terms of 
the units of the original series. 


COMPARISON AND CORRELATION OF CORRECTED SERIES 


It is now possible to compare the cyclical variations of two or more 
“corrected” series, and the chief means available is the graphic method. 


1 This is based on the assumption that seasonal variation increases proportionally with the ordinate 
of secular trend. 


2 In case we conceive the “normal” to be the ordinate of secular trend the formula becomes —. 


In actual practice, where the seasonal indexes range within 10 or 15 per cent of the average, the results 
obtained by the two formulas would not be significantly different. 
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If we are interested in comparing the relative violence of fluctuations 
of the various series, the corrected items (as described above) of each 
series should be plotted on translucent paper with time measured in 
months as abscissas. By superimposing one chart on another (their 
horizontal axes coinciding) over a glass plate illuminated from beneath, 
the similarities or differences between the two can be estimated. A 
comparison of these corrected series is given in Chart II. 


Cuart IJ. Comparison oF THREE Serres or Economic Statistics CoRRECTED 
FOR SEASONAL INFLUENCES AND LONG-TIME TREND 
A. Index of the Prices of Twenty Industrial Common Stocks 
B. Ten Commodity Price Index 
C. Rates on Commercial Paper 

(Expressed as percentages of the ordinates of linear secular trend) 


all 


f 


In case we are not interested in the relative amplitudes of fluctua- 
tions, but merely in the timing or lag of one series with respect to 
another, or the relative shapes of the curves, the various corrected series 
should be expressed in units selected with the object of making the 
cyclical fluctuations of like magnitude. An appropriate unit for this 
purpose is the standard deviation of the corrected items. Therefore, 
before comparing the curves for lag or relative shape, the items of each 
corrected series are divided by the standard deviation of that series. 
The items thus expressed are called cycles. A comparison of three 
series of cycles is given in Chart III. 
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The amount of lag for the highest degree of correlation between two 
series, or best “‘fit’’ when one curve is superimposed upon another, can 


numerical measures of the relative goodness of fit for various lags we 
must resort to the coefficient of correlation. The process is as follows: 


according to inspection of the charts, appear to be most highly corre- 
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termined only approximately by inspection. In order to get 


compute the coefficient of correlation for the pairs of items which, 


III. Comparison or THREE Series or Economic Statistics Correcrep 
FOR SEASONAL INFLUENCES AND LONG-TIME TREND 
A. Index of the Prices of Twenty Industrial Common Stocks 
B. Ten Commodity Price Index 
C. Rates on Commercial Paper 
(The percentage deviations of Chart II are expressed in terms of their respective 
standard deviations as units) 
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lated; and, second, compute other coefficients for lags of both greater 
and less amount. When some pairing gives a higher coefficient than 
adjacent pairings, the degree of lag for maximum correlation is indi- 
cated.! Thus, the coefficients of correlation between the cycles of pig 
iron production and interest rates, monthly, 1903-14, with a lag of 
interest rates of 0, 3, 4, 5, 6, 7, 8, 9, and 12 months are, respectively: 
+.34, +.67, +.72, +.75, +.75, +.73, +.70, +.65, and +.45. These 
coefficients indicate that the maximum correlation is for a lag of 5 or 6 
months in interest rates, a fact which is shown by plotting the coeffi- 
cients as ordinates and time as abscissas (Chart IV). 
Coefficients of correlation, although useful in determining lag of time 


measured in terms of their respective standard deviations and we denote the resulting ratios by 2’ and 


n 
arithmetic mean of products of corresponding deviations (when measured in terms of the standard 


deviation) from the line of secular trend. ‘ ‘ 
For percentage deviations (instead of actuai deviations) from the line of secular trend, corrected for 
seasonal variation, and expressed in terms of their standard deviations (denoted by 2” and y”), the 


1 
coefficient of correlation is an extremely close approximation to —ae"v". 


each of two series (x and y) we take deviations from the straight line of secular trend, the sums 
deviations will be zero, or £(x—or) =o, and Z(y—oy) =o. If in addition these deviations are 


coefficient of correlation becomes Zz'y’ In other words, the coefficient of correlation is the 
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series, are after all merely averages. The specific relationships between 
two time series are much more adequately set forth by charts than by 
numerical measures. Also, there is great danger that coefficients based 
on time series may be wrongly interpreted.'. For instance, a high 
coefficient may result if two series fit their secular trends badly and the 


Cuart IV. CorrFicreNts OF CoRRELATION Between “Cycies” or Pic Iron 
PropuctTIoNn AND “Cycues” or Interest Rates on 60-90 Day ComMERCIAL 
Paper, FoR VAartous Drearees oF Lac 1N INTEREST Rates 
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badness of fit in the two cases is similar.' The precise nature of the 
correlation is often evident from charts when it is not revealed by co- 
efficients. 


It is possible, if we are willing to dispense with the graphical comparison of the 
cycle charts, to eliminate the secular trends of two series and find the coefficient of 
correlation all in one step by the use of the methods of partial correlation. 

Suppose, in fact, that the seasonal variations have already been e‘iminated and that 
the resulting series are xz’ and y’. We consider the problem as one involving three 


1 Such is the result for most economic series covering both the period of declining prices previous to 
1897 and the period of rising prices following that year. Nearly all economic series dip below the linear 
trend in the nineties so that a correlation coefficient between their deviations would indicate that fact 
rather than the general correspondence of their fluctuations. (See W. M. Persons, “Construction of a 
Business Barometer,” Amer. Economic Rev., Dec., 1916, p. 755, and H. L. Moore, Economic Cycles: their 
Law and Cause, p. 123.) 
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variables, z’, y’, and ¢; and the desired correlation between the z’ and y’, corrected for 
secular trend, will be equal to 

Tory 
Vi-r., 
which is the partial correlation coefficient of x’ on y’ independent of t. Moreover, 
this value is not altered by the existence or amount of lag: it is at once the desired 
maximum correlation. It should be remembered, however, that this coefficient deals 
with deviations rather than the percentage deviations involved in the cycles; but it 
can be shown that this fact has little bearing on the results. 


Coefficients of correlation between first differences of series of cor- 
rected monthly items or annual figures are valuable when we desire to 
measure the similarity or dissimilarity of month-to-month or year-to- 
year changes, for instance, in investigating the year-to-year movements 
of the prices and production of crops. The correlation of the second 
and higher differences—the “variate difference method’’—has been 
proposed as a means of ascertaining the correlation between time series, 
but the method is based upon assumptions which cannot be retained 
even in the simplest problems, and analyses have shown it to be of 
little or no value for our purpose.? 

We may summarize our conclusions as follows: The most satisfac- 
tory method of setting forth the relationships between time series of 
economic statistics is, first, to compute and compare their respective 
indexes of seasonal variation; second, to compute and compare their 
lines or curves of secular trend; and, third, to correct the original items 
for seasonal variation and secular trend, and compare the resulting 
graphs. Coefficients of correlation for the various possible pairs of 
items of time series are useful mainly as a basis for judging the lag 
of one series with respect to another. 


1W. L. Crum, “A Special Application of Partial Correlation,” Quar. Pub. Am. Stat. Assoc., December, 
1921, pp. 949-52. 

2 See W. M. Persons, “On the Variate Difference Correlation Method and Curve-Fitting,"’ Quar. Pub. 
Amer. Statis. Assoc., June, 1917; and G. U. Yule, “The Problem of Time Correlation, with especial 
reference to the Variate Difference Correlation Method,” Jour. Roy. Statis. Soc., July, 1921. In order 
to be sound the method would have to be altered to allow for the correlation between the original items 
of a series. Since this was written an article by Karl Pearson and E. M. Elderton “ On the Variate 
Difference Method” has appeared in Biometrika for March, 1923, in which the defective character 
of the variate difference method, as originally proposed, is admitted. 
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Velocity of Bank Deposits 


VELOCITY OF BANK DEPOSITS! 


By W. BurGcEss 


Since Professor Irving Fisher published his Purchasing Power of 
Money there have been few attempts to secure more precise statistical 
measurements of the different elements in the equation of exchange. 
We are about as far from a refined statistical demonstration of the 
validity of the equation as we ever were. In recent years, however, 
the ground work has been laid in a number of directions for a more 
precise testing. 

We have as yet no measure of the general price level, but our knowl- 
edge of price index numbers, their strength and limitations, is far more 
comprehensive than ever before. In fact, the very statement that we 
have no measure of the general price level probably would not have 
secured general assent ten years ago, because at that time we had not 
experimented sufficiently with index numbers to realize the deficiencies 
of an index number of wholesale prices as representative of the general 
price level. We now know much more of the differences between the 
movement of wholesale prices, retail prices, wages, security prices, and 
rents, all of which enter into the general price level. The great un- 
certainty at present is the relative weights which should be assigned to 
different kinds of prices in constructing any index of the general price 
level. 

In the measurement of the volume of trade the available basic data 
have been largely increased since 1908. Indexes of the volume of 
manufacture, of retail and wholesale trade, of freight car loadings, of 
consumption of electricity, and many other measures of trade have been 
made available by months. As yet no single index, however, has been 
devised to summarize these various elements in a measure of the total 
volume of trade. 

In the measurement of credit factors the basic data at our disposal 
have been perhaps most notably increased. Figures for bank clearings 
have been refined by the introduction through the Federal Reserve 

' This article presents the results of a study made by the Reports Department of the Federal Reserve 
Bank of New York with the help of the statistical offices of the Federal Reserve Banks of Boston, 
Chicago, and San Francisco. Acknowledgment is made to Professor Irving Fisher and Professor E. W. 
Kemmerer for counsel, to Mr. J. H. Riddle, now Chief of the Statistics Section of the Treasury Depart- 
ment, who initiated the study while a member of the staff of the New York Reserve Bank, and to Mr. 
Clark A, Warburton, now of the Ewing Christian College, Allahabad, India, who worked on the study in 
the summer of 1921. Summary results have been reported currently in the Monthly Review of the 


Federal Reserve Bank of New York, and a more detailed account was published in the Federal Reserve 
Bulletin for May, 1923, 


; 
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System of reports of debits to individual accounts. The old clearing 
figures were simply the total checks passed through the reporting clear- 
ing houses each week. The large number of checks cashed over the 
counter at the banks on which they were drawn were not included, 
There was also an element of duplication in that many checks pass 
through two or more clearing houses before they are finally paid and 
would therefore be counted two or more times in any total of clearing 
figures for several centers. It was impossible to determine how fully 
these two limitations in the clearing figures, as a measure of total bank 
check transactions, offset each other. The new figures for debits to 
individual accounts are reported by individual banks, and include all 
checks of individual depositors and other items presented for collection 
each week. Checks drawn by banks are not included in the figures. 

We now have also weekly figures for bank deposits and loans and 
investments reported in considerable detail by about 800 banks in 
principal cities with slightly less than one half of the entire banking 
resources of the country. We do not have to rely wholly upon the 
controller’s national bank calls five or, more recently, three times a year. 

Through the use of these more refined data for the volume of credit 
outstanding and the amounts of checks drawn, the Reports Depart- 
ment of the Federal Reserve Bank of New York has undertaken to 
compute more precisely than was before possible V’ in the equation of 
exchange, that is, the velocity or rate of turnover of bank deposits. 
This project was undertaken not simply as a means of filling in one of 
the gaps in our knowledge of the factors in the equation of exchange, 
but more largely because of the significance of velocity in any consider- 
ation of changes in the credit situation. In the early months of 1923, 
for example, there was a striking and rapid increase in the prices of basic 
commodities and the volume of production and trade as shown by the 
available indexes for production of basic commodities, car loaamgs, 
wholesale and retail trade, etc. At the same time the increase in vhe 
circulation of credit instruments was comparatively small. Increases 
in bank loans for commercial purposes have been offset to a consider- 
able extent by decreases in bank investments. There has been at the 
time of the present writing but little increase in the extension of credit 
by the Federal Reserve Banks. It is exceedingly important for the 
banker to know whether this situation may be explained by a change in 
the velocity of bank deposits, or is rather explained by economy in the 
use of credit on the part of business men. The studies here reported 
give a fairly satisfactory answer to this problem, for they show a strik- 
ing increase in velocity during January and February in most of those 
centers where a measure of velocity is available. 
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VELOCITY COMPUTATION 


The methods used in computing the velocity of deposits were deter- 
mined by the nature of the data available. It is not possible to bring 
into direct comparison the demand deposits of all of the banks reporting 
weekly to the Federal Reserve System and the checks drawn on those 
same banks. Unfortunately the banks which report deposits are not 
exactly the same as those which report check transactions. Deposits 
are reported by about 800 member banks in principal centers, while 
debits to individual accounts are reported by clearing house groups, 
which include certain banks that are not members of the Federal 
Reserve System, and do not include certain of the member banks which 
report their deposits. 

In order to secure a comparable set of figures it was necessary to go 
back to the reports from individual banks. To this end the original 
reports in the files of the Federal Reserve Banks of New York, Boston, 
Chicago, and San Francisco were put to use. 

Certain adjustments were necessary before a direct comparison could 
be made of demand deposits of individuals and checks drawn against 
such deposits. From the figures for checks drawn, or debits, certain 
deductions had to be made for withdrawals of time and government 
deposits. Withdrawals of time deposits were estimated by computa- 
tions made for six New York City banks for a number of different 
periods, which showed an average rate of turnover of time deposits at 
the rate of two times a year. Exact figures were available for govern- 
ment withdrawals. Net demand deposit reports were amended by 
subtracting from them the net amounts due to banks, which were 
shown in New York City by the records but for other cities were esti- 
mated from the relative proportion of net amounts due to banks to net 
demand deposits shown by the total figures reported for all reporting 
banks in the different cities. A sample computation, which indicates 
the various adjustments necessary before arriving at a ratio between 
checks drawn and demand deposits of individuals, is shown in Table I. 
As the table indicates, the figures were converted to an annual rate of 
turnover. 

Table II shows the results of the computation in terms of annual rate 
of velocity for representative groups of banks in eight cities by months 
from 1919 to the early months of 1923. In addition to the computa- 
tions for individual cities an average has been computed for centers 
outside of New York City. The figures in this table are further illus- 
trated by Diagrams I and II, drawn on a logarithmic scale in order that 
percentage fluctuations in the lines may be directly comparable. 
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TABLE II { 
(Annual Rate) 
york | Albany | Buffalo | Rocheste Boston | Chi San | 
or y uffalo Tr on i 
Year City | 3 banks |10 banks} 3 banks 11 banks|14 banks) 
nks 6 banks 
39 ba 
64 16.5 
3 
63 18.8 
72 18.4 
19.4 
17.9 
August........| 72 17.5 
September.....| 74 16.5 : 
October.......| 85 18.4 E 
November.....| 91 19.0 
December .....| 89 19.7 
anuary....... 
February......| 77 10 
March........| 76 10 
70 11 
11 
2 1 
September.....| 66 11 
October.......| 77 13 
November.....| 79 11 ; 
December .....| 83 ll 
1921 
January.......| 76 
February......| 68 
March........| 64 
@& 
68 
August........| 58 
September.....| 65 
October.......} 70 
November.....| 75 : 
December .....| 77 a 
1922 
January.......| 74 21 
February......| 75 18 
19 
19 
22 
19 
August........] 65 17 
September.....} 68 21 
October.......| 8&6 23 
November.....| 77 22 : 
December .....| 79 22 
1923 
79.9 23.5 21.4 39.0 
82.3 26.0 25 21.4 39.7 
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DiacraM I. Annual rate of turnover of bank deposits 
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1919 1920 1921 1922 1923 
DiacraM II. Annual rate of turnover of bank deposits 


A word should be said at this point concerning the probable accuracy 
of these figures. In several respects approximations have entered into 
the computations. The;,rate of withdrawals of time deposits is esti- 
mated from a few cases, but in the larger centers at least even a large 
percentage error on this point would make little difference in the 
result. 

The adjustment of net demand deposits by the deduction of net 
amounts due to banks is not precise. In computing the net demand 
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deposit figures which they report to the Reserve Banks the member 
banks compute the excess, if any, of amounts due to banks plus such 
other liability items as checks outstanding awaiting collection, over 
amounts due from banks plus asset items in process of collection. In 
restoring the net demand deposit figure to the demand deposits of in- 
dividuals the figures for amounts due to banks and due from banks only 
were available. The other items do not exactly offset each other. The 
asset items are almost always considerably larger than the liability 
items. Asa result, the correction of net demand deposits by subtract- 
ing net amounts due to banks is too large a correction in every case 
where amounts due to banks exceeds amounts due from banks, viz., in 
the larger financial centers. Individual demand deposits computed by 
this means tend to be lower than individual demand deposits as they are 
reported at larger intervals in the controller’s reports. Demand de- 
posits are reduced by a part of the uncollected checks which the bank 
holds or has presented for collection. This reduction may be justified 
by the fact that such uncollected checks may not in theory be drawn 
against, and hence are a proper deduction from deposits subject to 
check. The practice of different banks in this matter is so varied that 
no safe estimate can be made of the proportion of uncollected items 
which should be deducted from deposits, but the deduction made in this 
computation appears to be a reasonable one. In cities where the item 
due to banks is not so large as the item due from banks, the figures for 
net demand deposits are under ordinary circumstances the same as total 
demand deposits. This condition held in only two of the cities studied, 
Rochester and Syracuse, and tends to make the velocity figures com- 
puted for these cities slightly smaller than they would be if computed 
on exactly the same basis as the figures for the larger centers. 


RELATIVE VELOCITY 


There is a wide range between the velocity in different cities. Veloc- 
ity in New York City is six to eight times as great as in Syracuse. There 
is in general a fairly close relationship between the size of the city and 
the velocity of deposits, but there is a still closer relationship between 
the amount of bank deposits in the city and the velocity. That is, the 
greater the extent to which the city is a financial center, the more rapid 
is the velocity of deposits. Coefficient correlations have been com- 
puted for a number of these relationships. The highest coefficient was 
that between the logarithm of velocity and the logarithm of bank de- 
posits, amounting, by the Pearson method, to 0.94 for seven cities, 
exclusive of Albany, which is clearly somewhat unique in its high rate 
of velocity. 
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In Diagram III the relationship between velocity and amount of 
deposits has been plotted with the purpose of deriving some law of 
relationship which would make it possible to estimate in a rough way 
what the velocity figures are likely to be in centers where no clear- 
ing figures are available but where deposits alone are reported. The 
velocity figures shown are averages of the 12 monthly figures for two 
years, 1920 and 1921, and the deposits are those reported for July 1 of 
each of these two years. The figures have been fitted with a second- 
degree parabola (y=a+bx+ cz’), the line which after considerable 
experiment appeared to give the best fit. The position of this line may 
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DiacraM III. Relation between deposits and velocity of deposits 


be taken to indicate in a very general way the velocity which might be 
found in other cities for which no computation has been made. On 
this assumption an estimate of velocity was made for 282 clearing house 
centers, for which deposit figures are published in the Bankers’ Encyclo- 
pedia. The list includes 107 of the 134 cities of 50,000 or more inhabi- 
tants, and includes also 175 cities of less than 50,000 inhabitants. With 
the knowledge of the deposit figures, velocity has been read from the 
chart for these 282 centers except for those cities for which actually 
computed figures were available. An average of these velocities, in- 
cluding the computed figures as well, has then been made, weighting 
the centers by the gross amount of bank deposits. The resulting figure 
is an annual rate of turnover of bank deposits of the 282 centers 
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amounting to 36 times a year in December, 1921. Large deposits in 
such centers as New York, Chicago, and Boston, keep the figure high 
in spite of very low velocity in cities with small deposits. In fact, 
considerable differences in the direction of the curve as it indicates 
figures for the smaller cities would have only a moderate effect on the 
average velocity figure. 

The 282 clearing house centers used in this computation showed on 
December 31, 1921, bank deposits of about $26,000,000,000 as com- 
pared with deposits for the country as a whole reported in the Bankers’ 
Encyclopedia at $40,600,000,000. If we were to assume that the ve- 
locity in the centers not included in the tabulation was zero as a lowest 
limit, we should have for the country as a whole a velocity figure of 24 
times a year. On the basis of this computation a reasonable estimate 
would place the velocity of circulation for the country as a whole at a 
rate somewhere between 25 and 35 times a year, and probably under 
rather than over 30. 


SEASONAL VARIATIONS IN VELOCITY 


Even a brief inspection of Diagrams I and II makes it clear that 
there is a notable seasonal swing in the velocity of bank deposits, and 
that this seasonal movement differs widely in different cities. The 
most typical seasonal movement for these cities is directly in line with 
the seasonal tendencies which are familiar through computations which 
have been made for the seasonal movement of interest rates, money 
in circulation, and Federal Reserve Bank loans. The highest rate 
of turnover tends to occur in the fall and early winter, when crop 
moving demands for credit coincide with Christmas trade. 

The seasonal swing in velocity is so marked that it largely conceals 
the changes which are due to business and credit conditions. In order 
to remove seasonal influences as far as possible and to reveal the other 
tendencies, a tentative seasonal index has been computed for each of 
the cities. Since we have figures only for a little over four years, any 
seasonal index will be an approximation and subject to revision. This 
bank’s usual method of computing seasonals as median deviations from 
a 12-place moving average centered on the seventh month was not used, 
but simply an average of the percentages of the monthly figures to each 
year’s average. The computed seasonal variations are shown in Table 
III. The figure for each month is expressed as a percentage of the 
monthly average. Figures at the end of each column show the range in 
each city from the highest to the lowest month. It is interesting that 
the widest seasonal range is in the case of Albany, which is followed by 
Boston and Syracuse, and that Chicago and San Francisco, which are 
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perhaps most directly influenced by agricultural needs, show the small- 
est range of seasonal variations. 


TABLE III 
SEASONAL VARIATION IN VELOCITY OF DEPOSITS IN DIFFERENT CITIEg 


Albany Rochester | Syracuse | Boston a 


100 
104 


VARIATIONS FROM OTHER CAUSES 
The velocity figures corrected for seasonal variation by the use of 
these seasonals are shown in Diagram IV for New York, Buffalo, 
Boston, and Chicago, and in Table IV for all available centers. The 
diagram and the table reveal the sharp rise in velocity which has taken 


place in January and February, 1923, bringing the New York and 
Buffalo velocity to the highest points in the years for which figures are 
available, and the Chicago and Boston rates very near to the highest 
points of 1919 and 1920. 
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Dracram IV. Rate of turnover of bank deposits after allowance has been made 
for usual seasonal changes 
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TABLE IV 
Year | 
98 63 34.7 16.3 16.9 30.8 ie 
March.......-| 65. 31.9 19.3 18.2 32.4 ee 
33.2 19.8 18.4 31.5 
73. 19.2 18.2 34.5 
.0 19.6 18.5 36.9 47.8 
Se .3 17.2 19.1 38.2 50.7 
August........| 79. 8 18.8 19.2 40.2 48.2 
September.....| 80. 17.0 18.6 38.1 46.9 
October.......| 78. 17.2 18.9 46.1 
November.....| 83. 17.6 18.3 4 47.0 
December .....| 79. 4 17.6 18.7 48.4 
Average 
1920 
February...... 31. 39.8 
39.8 
38.4 
35.7 
36.2 
August......... 
September...... 
October........ 3 5 ; 
November... . . 9 
Average 
1921 
February...... 32. 
August........ 
September... .. 
October....... 
Average 
1922 
February...... 
September... .. 
October... .... 
November... . . 
Average 
1923 
January.......] 78.3 24.7 24.4 21.6 7.7 33.7 44.8 39.0 
February......| 84.8 28.9 26.1 22.8 8.7 38.0 50.3 40.5 ; 
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One feature of the diagram which may seem peculiar is the compara- 
tively small range shown by the fluctuations of velocity in New York 
City. It has been customary in economic discussions to assume that 
bank clearings and the velocity of bank deposits in New York City 
reflect almost wholly the influences of Stock Exchange transactions and 
other activities in which speculation plays a part. Table III, showing 
the seasonal swing of velocity, shows the range of seasonal variation in 
New York at about the average for all of the cities. Similarly, any 
computation of variability, after allowance has been made for seasonal 
causes, shows a variability in New York City no larger than the average 
for all of the cities. Table V shows for eight cities the mean velocity 
from January, 1919, to February, 1923, inclusive, the standard devia- 
tion from this central tendency, and the coefficient of variability. The 
cities are arranged in order, following the size of the coefficient of 
variability. 

TABLE V 


STANDARD DEVIATIONS AND COEFFICIENTS OF VARIABILITY OF MONTHLY VE- 
LOCITY FROM THE ARITHMETIC MEAN (AFTER DATA HAVE BEEN ADJUSTED 
FOR SEASONAL VARIATIONS) 


100 ¢ 
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San Francisco... . 


The larger cities, where speculative influences would have their 
greatest effect, show in general a small variability in velocity. These 
facts lead one to question the assumption so often made that bank 
transactions in such centers are largely determined by speculative 
influences. It may well be that this assumption has its origin in a 
comparison often made between bank clearings for New York City and 
bank clearings for the country as a whole outside of New York City. 
Any such comparison averages out individual differences between cities 
for the country as a whole, due both to seasonal and to other causes, 
while the peculiarities of a single city are made prominent in the case of 
New York. 

As a still further test of this matter, Diagram V, on a logarithmic 
scale, segregates the two causes of variation in bank clearings, or debits 
to individual accounts, namely, changes in bank deposits and changes 
in velocity of these deposits. It is clear from this diagram that most 
of the variations due to seasonal and other causes may be ascribed to 
changes in velocity rather than to changes in the amount of deposits. 


Be 
4 
if 
| 
M 
q 
Syracuse 1 
3.64 10.67 Rochester.......| 20.2 1.22 6.04 
| 


41] Velocity of Bank Deposits 739 


The changes in deposits are surprisingly small in view of the large price 
changes and tremendous economic disturbances which characterized 
the period covered. 

In view of the major influence of velocity there appears to be reason- 
able ground in the foregoing data for believing that in New York and 
other large centers there are in operation steadying factors offsetting in 
considerable measure changes which might be anticipated from the 
large volume of speculative activity in those centers. It is not unlikely 
that the variety of business transactions is so great in large centers that 
the changes due to speculation or other individual causes are fairly well 
averaged out, and we may look for extremes of fluctuation rather in 
smaller centers, where the influence of a few causes may predominate. 


MANUAL RATE oF 
RATE OF TURNOVER OF 


AVERAGE DEMAND DEPOSITS 


a 


191 1920 1921 1922 


; Diacram V. Fluctuation of demand deposits and of the velocity of these deposits 
in representative New York City banks 


SUMMARY 


1. Data are now available for a more precise measure of the velocity 
of bank deposits than has heretofore been possible. 

2. A computation of velocity for eight cities shows a range from an 
annual turnover as high as 90 in New York City to a rate as low as 7 in 
Syracuse. 
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3. A tentative estimate places the rate of turnover of bank deposits 
in the United States as a whole between 25 and 35 times a year. 

4. Seasonal changes in bank clearings are largely accounted for by 
large seasonal variations in the velocity of deposits. 

5. Variations in velocity due to seasonal and other causes are smaller 
in New York than in a number of other centers, and there appears to be 
reasonable ground for questioning the common assumption that New 
York City transactions are largely swayed by speculative influences. 
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THE MEASUREMENT OF CONCOMITANCE OF 
VARIATION 


By G. P. WatKins 


Part II 


IV. INDEX OF CORRELATION 


The Simplest Case.—In graphic terms, correlation may be taken to 
express the degree of correspondence between the successive values, or 
fluctuations in the values, of points on curves representing two series of 
numbers. A numerical index of correlation may be derived by way of 
comparison of curves, if such comparison can be adequately made in 
numerical terms. There will be as many comparisons and indexes as 
there are possible pairs of series. For five grains there will be ten 
indexes and for four, six. 

Comparison of each two series of curves is, according to the method 
herewith proposed, effected by obtaining differences between corre- 
sponding fluctuations (reduced to terms of logarithms) in two compared 
series. If there were no trend in either of the fundamental logarithmic 
series, and if they did not differ in degree of variability, the addition, 
without regard to signs, of the differences between corresponding fluc- 
tuations, and the derivation of an average logarithm, would (subject to 
animportant correction dealt with in the section beginning on page 749) 
yield a figure expressing degree of correlation. 

This method of comparison can best be explained with the aid of 
curves. In order to begin with the simplest case it is assumed that 
trend is zero and that there is no difference in variability between the 
series to be compared. 

The two series of chain differences plotted in the accompanying 
Figure A are as follows: +2 —1 —3 +4 —2+4+1 +0 -—-2-3-1+1 
and —1 —3 +6 —2 +0 +4 —1 —1 +0 —2+2-2. Thesum of each 
series, disregarding signs, is 24. The sums must be the same because 
the variability is identical. The sums regarding signs are both zero. 
This is the necessary result of the trend being zero. 

The series of differences between corresponding items in the two 
chain difference series is as follows: 3, 2, 9, 6, 2, 0, 2, 1, 2,1, 3,3. The 
sum of this series is 34. This figure expresses the degree of deviation 
from coincidence of fluctuations as between the two curves, and is an 
approximate measure of their degree of correlation. If the quantities 
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thus plotted and compared were arithmetical it would not be legitimate 
to add together these differences with the purpose of comparing fluctug. 
tions. In dealing in the same way with logarithmic quantities, how. 
ever, it is like relative values that are added together. The requirement 
of commensurability for purposes of addition would not be met if 
merely arithmetical values were used, not only in these combinations 
but also in making adjustments for trend and variability. 


Fiaure A 


(A) 


The adjustment of a series to eliminate trend is too simple a matter 
to call for graphic illustration. The method used has been described in 
dealing with the index of variability. 

Adjustment for Difference in Average Variability.—The situation 
with regard to adjustment for difference in average variability is not s0 
simple. That some adjustment is necessary before getting the series of 
correlative differences, however, may readily be understood from the 
obvious effect upon such differences of a difference in variability such 
that one curve kept close to the axis while another fluctuated greatly 
away from it. Though the two curves were identical as to direction of 
fluctuations and as to their degree when measured by comparison with 
the average fluctuation of each, yet the correlative differences would be 
very large, though the correlation must be perfect according to the as- 
sumed conditions. 

Series 4 is prepared with reference to eliminating the effect of differ- 
ence in variability. This adjustment is made by multiplying the pre- 
ceding series of logarithmic chain differences by a fraction of which the 
numerator is any convenient constant and the denominator the sum of 
the adjusted chain differences for the series to be equalized. The sum 
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of each of the resulting chain differences is equal to that of any other 
sum of chain differences equalized to the same standard. This ad- 
justment eliminates difference in average variability. It also leaves 
unmodified the effect of the adjustment for trend, or, in other words, 
does not re-introduce any element of trend into the series. 

What this manipulation means as regards its effects on the original 
series is the next question to be considered. The original logarithmic 
series (logarithms of prices) has been discarded in the process of ad- 
justment for trend. Hence it would be natural in the first instance to 
consider the effect of multiplication upon the logarithmic series from 
which the chain differences might be directly derived. Whether this 
series is first multiplied, and equalized differences thereafter obtained, 
or the adjusted differences themselves multiplied makes no difference. 

The question as to how the original price series (or a similar absolute 
series substituted for it) is affected by the equalization process is not 
one which the writer can answer. Multiplying a logarithm raises the 
absolute number (or the antilogarithm) to a power of itself of which the 
multiplier is the exponent. The antilogarithm of a difference between 
logarithms is a ratio of the larger to the smaller of the absolute numbers 
corresponding to the logarithms to which the difference relates. The 
effect of the equalization process is to raise these ratios to a given power 
of themselves. Perhaps this clew might be followed further. 

Graphically the process of equalization of variability consists in 
adding an equal proportionate amount to each vertical change in the 
logarithmic curve (or to each logarithmic chain difference). Why the 
adjustment should be made in this way rather than by addition or by 
multiplication of the original absolute series is a question that may be in 
part answered as follows: Adjustment by addition calls for no considera- 
tion, being merely an abstract possibility with nothing to be said for it. 
An adjustment that implies multiplication of the original absolute 
series appears reasonable. Aside from the fact that the adjustment 
involving powers seems to fit the needs of computation, the only reasons 
for its choice that the writer can at present give are graphic and geo- 
metrical rather than algebraic. The logarithmic curve presents varia- 
tion to the eye correctly (or relatively), as the arithmetic curve does 
not. To modify the range of variation of a logarithmic curve while 
retaining its characteristic conformation the quantities represented 
should be multiplied by the necessary constant. 

The Denominator of the Correlation Fraction.—If the sum of the 
correlative differences as hitherto described is zero, the correlation is 
positive and perfect. The larger this sum the less the degree of 
positive correlation. 
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It is obvious, however, that this sum must be converted to a ratio in 
order to be generally available. It is the numerator of a fraction, of 
which the denominator, representing 100 per cent, remains to be 
determined and described.! 

The denominator should of course take account of the tendency of 
fluctuations to carry the values of a series on one and then on the other 
side of the trend. In fact, if the assumed trend is somewhere nearly 
correct—not merely for purposes of computation but as characteristic 
of the conformation of the curve aside from fluctuations—there will be 
such alternation between plus and minus deviations. The chain 
differences take account of this situation. Their sum is larger if there 
is alternation of plus and minus signs, and smaller if there is a con- 
siderable degree of constancy in the series such as to show a decided 
preponderance of either pluses or minuses. 

If the assumed trend differs from the actual trend in such a way that 
the plotted series appear bowed away from the logarithmic straight line 
on one side or the other, there appears to be need of a correction to take 
account of this situation. As will appear, the use for a denominator in 
the correlation fraction of a figure obtained by summing chain dif- 
ferences has that sort of effect. But first the question as to what is 
the possible maximum sum of correlative differences is to be considered. 

The denominator of the correlation fraction is some sort of maximum 
or extreme limit marking either perfect absence of, or perfectly com- 
plete, correlation. This is the implication of the reference to a 10 
per cent denominator and a necessary part of the idea of a ratio that 
shall express the degree of correlation within a lower limit of zero (or, 
including negative correlation, of —100 per cent) and an upper limit of 
completeness represented by +100 per cent. 

In considering maximum (and limiting) possibilities as regards the 
denominator of the correlation fraction the following matters may be 
enumerated as of particular importance: (1) the possible maximum 
sum of correlative differences, (2) the relation of this sum to the sum of 
final chain differences, (3) conditions under which either or both of 
these sums are lessened, and (4) the relation of this last situation to 
bowed trend. 

It is evident that the maximum possible sum of correlative differences 
is twice the sum of chain differences, or equal to two sums of chain dif- 
ferences, such sums being identical after equalization in all the series 
compared. All these sums are of course taken disregarding signs. 
This maximum possibility is reached where all the corresponding items 
in the two compared series of chain differences are of opposite sign. 


1 This numerator will be dealt with by way of correction in the section starting on page 749. 
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It should be noted that shuffling the chain differences so as to change 
their order cannot alter the result as regards the maximum possible 
sum of correlative differences. Of course the order of the items has an 
important bearing on the correlative differences, if there is considerable 
positive correlation. 

The maximum possible sum of correlative differences is therefore 
twice the sum of chain differences. This maximum is the actual sum of 
correlative differences only when there is negative correlation. The 
indicated 100 per cent denominator of the correlation fraction—100 
per cent on the scale representing the difference between perfect 
correlation and the entire absence of correlation, negative correlation 
being provided for by a minus result—is therefore the sum of the 
adjusted and equalized chain differences.' 

Graphic Illustration with Especial Reference to Bowed Trend.— 
It is a common practice to use deviation from the trend in calculating 
degree of correlation. The following examples indicate how using 
these deviations differs from using the chain differences and thereby 
also serve the better to illustrate the nature of the latter method. 

The chain-difference sum may be small or large independently of 
the variation of the sum of deviations (or differences) from the trend. 
An illustration of this possibility is easily given. If two adjacent 
deviations are each 4, then the difference between them is 0 if both are 
of the same sign and 8 if one is minus and the other plus, the sum of 
deviations being unaffected by the signs. To further illustrate the 
situation curves are shown for the following series of chain differences. 
These series are of course made to show a zero trend and identical 
variability except with regard to the last pair, which not only differs 
from the other three in average variability but shows a difference in the 
range of the variability of the two paired series. The latter situation 
affects the numerator of the correlation fraction in a way to be con- 
sidered in the next section. 

(1) Series with reversed signs and substantially alternating signs (no 
bow in the trend): ° 


Correlative differences ...... 42 6 81012 2=44 
(2) Series with trends bowed on opposite sides: 

Correlative differences ...... 22 4 6 8 10 12=44 


- 1 The scale of resulting values between +100 per cent and —100 per cent is subject to correction as 
indicated in the second following section. 
4 
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(3) Series with trends bowed on the same side: 
+1+1+2+3+ 


4 
2 
6 


(4) Series with one straight and one bowed trend: 
+1+1+2+3+4-—5-—6=22 
+1—1+2-—4+3-6+5=22 

0207 1 111=22 


(5) Two low variability series with same bow: 
+1+1+1=+0-—1-1-1= 6 
+0+2+0+1-—220-1= 6 
11114141 O=6 


With variability the same by equalization, the sum of chain differ- 
ences remains the same in all these comparisons except the last. Fora 
given range of variation, or for a given sum of trend differences,! how- 
ever, the sum of chain differences will be lessened by reason of any bow 
in the trend. Correlative differences are lessened slightly by reason of 
any bow in the trend if both the series of chain differences compared 
are bowed on the same side. If the bows are entirely opposite, the 
correlative differences are slightly increased. The sums of deviations 
from the trend for the series used in cases (3) and (5) are: Az, 31; Bs, 46; 
As, 12; B;, 9. If this element of deviation counted in the correlation 
fraction the result of the computation would be different. The correla- 
tive differences are increased by any difference of signs between the 
corresponding items in the two series compared. Such divergence 
means nothing as regards trend, if the first series shows no bow; but if 
the first series does show a bowing of the trend away from the straight 
line, the second must, in general, if its signs are opposite, show a bow 
on the other side of the trend. In both these cases the absence of 
correlation will be marked. If there is the same sort of bow in both 
series the correlative differences are somewhat smaller, and the chain 
differences are also smaller, as compared with the trend differences. 
In other words, the bowing of the actual trend on the same side of the 
straight line for both series affects the correlation fraction in a way to 
constitute a correction for lack of conformity of the actual trends to the 

1 The differences or deviations from the trend may be derived from a series of chain differences from 
which variation due to trend has been eliminated. The first deviation is O; the second deviation is 
identical with the first chain difference; the third deviation is the sum of the first and the second chain 


differences if they have the same sign, or their difference if of opposite sign; etc. In other words, the 
deviations may be derived by cumulating the chain differences regarding signs. 


[48 
Correlative differences ...... 45 3 4 2 2=26 
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assumed straight line.! The straight line assumption is a device to 
facilitate computation rather than the basis of the correlation fraction, 
The correlation fractions for the various series shown in the curves of 


Figures B(1) to B(5) are: 


(1) 


= Negative correlation 


oe Negative correlation 


(2) 


(3) 


=Slight negative correlation 


(4) Indifference 


(5) 


= Indifference? 2 


In all the above graphic illustrations and the discussion of them the 
figures are handled as if the quantities were logarithmic, and the curves 
are treated as logarithmic curves. 

If the assumed trend is a bad fit there will be an almost uninterrupted 
series of plus or minus signs, as the case may be. It will be noted that 
as tested in this simple way most of the series of grain prices used in the 
present study do not show the perfect logarithmic straight-line trend 
that the method assumes for purposes of computation. But mere 
bowing of the trend does not affect the trend level at the beginning and 
the end of the series, which are the critical points for the computation. 

If the 100 per cent denominator of the correlation fraction were 
derived from the sum of the trend deviations the degree of correlation 
might be made to appear unduly large, owing to the effect of a bowed 
actual trend, as illustrated in case (3) above. The portion of the 
deviations having the assumed trend line on one side and both the 
curves on the other is an element that is not represented in or covered 
by any difference between chain differences. Some contribution to 


1 The question as to the effect of bowed trends has another aspect. By the present method opposite 
bows count for little in lowering the index. Perhaps for some purposes such a difference should have & 
large effect. No attempt is made to deal with this subject. But it should be noted that by the present 
method opposition of bows does count for something, since the upbuilding and disappearances of bows 02 
opposite sides of the logarithmic straight line, though not fluctuation of each series across its bow, does 
affect the numerator of the correlation fraction. It should be noted that if one prefers to determine 
degree of correlation by way of comparing deviations from the trend of each series as determined by 
smoothing or curve fitting for each series separately, the effect of opposite bows is entirely eliminated. 


2 See p. 751. 
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this quantity is made whenever, in two pairs of adjacent deviations, all 
four items have the same sign. But this element cannot be made to 
contribute anything to the numerator of the correlation fraction. 
Therefore it should not contribute to the denominator of the fraction. 
By the method chosen it does not. By this method the influence of 
the bad fit of the assumed trend between initial and terminal values is 
eliminated from the denominator of the correlation fraction. 

Correction of the Numerator of the Correlation Fraction for Dif- 
ferent Range and Incidence of Variations—The method of com- 
putation heretofore used disposes of difference in average degree of 
variability but not entirely of the disturbing effect of other phases 
of difference in variability upon the correlative differences and thus 
upon the numerator of the correlation fraction. The fact that the 
reversal of signs on one of the series compared gives a sum of correlative 
differences not complementary to the result obtained without such 
reversal is elsewhere noted,! as is also the cognate necessity of reversing 
signs before drawing a conclusion, as to correlation being negative, 
from the fact that the correlation index obtained is greater than 100. 
This situation has a more general bearing. Notwithstanding the re- 
duction of the variabilities of the respective series to be compared to’ 
the same average, the range and distribution of the variability may 
be very different from series to series. 

To illustrate, it may be assumed that the sum of adjusted and 
equalized chain differences is 1,000, there being 20 items in each series. 
Then in one series the largest chain difference may be 500? and in the 
other 100. On the most favorable assumption regarding correlation 
between these two series, that is, supposing the two largest variations to 
occur at the same time, then the correlative difference contributed to 
the numerator of the correlation fraction cannot be less than the dif- 
ference between the two, or 400 (the signs of the chain differences being 
the same), and it may be 600. Therefore 400 out of 2,000 points can- 
not count in the numerator of the correlation fraction and the index 
(assuming for the moment that only the numerator of the fraction 
need be changed) cannot be more than 60. Thus what would appear 
to be indifference as regards correlation becomes, at least, a 25 per cent 
index. The correction in the index is presumably more than this be- 
cause there are doubtless remaining differences between the series that 
are similarly operative. In fact, there is bound to be a difference or 
differences the other way, complementary to the one just used for 
illustration, so that the index in this case could not be closer than 20. 


1 See page 752. 
_ *In fact, half the adjusted sum of chain differences is the maximum possible chain difference, and 
in order that it be so large it is necessary that all the other chain differences have the opposite sign. 
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The illustration suggests the way in which the numerator of the cor. 
relation fraction may be corrected to take account of the peculiarities 
in question. Given a pair of chain differences, the maximum possible 
agreement will leave a difference equal to the arithmetical difference 
between the two. The maximum possible disagreement is the arith- 
metical sum of the two chain differences. This same rule can be ap- 
plied to the series throughout. 

A high degree of correlation supposes that the larger chain differences 
have the same sign and are associated with each other. If the large 
items of one series are associated with the large items of the other, then 
the correlative differences will be between items of series arranged in 
the order of their magnitude. In practice, of course, the series will not 
so arrange themselves because there will not be perfect correlation, 
But the correction called for properly supposes that condition. Ele- 
ments of the correlative differences that would be left out under such 
an arrangement, with signs also favorable to 100 per cent positive 
correlation, are not properly included in the numerator of the correla- 
tion fraction. The correction sought is the sum of the left-over quanti- 
ties when the final chain differences are subtracted from each other 
after having been arranged in the order of magnitude. 

The corrective sum is obtained by arranging the adjusted and equal- 
ized chain differences in the order of their magnitude and obtaining 
series of differences for each pair as so arranged, this final series of dif- 
ferences being derived without regard to signs.' The sum of the dif- 
ferences so derived is to be subtracted from the corresponding sum of 
correlative differences to obtain the correct numerator of the correlation 
fraction. An understanding of this, as of other phases of the process of 
computing these coefficients, is assisted by reference to the appended 
table.? 

Although attention is directed in this connection primarily to the 
numerator of the correlation fraction, the denominator requires a cor- 
responding adjustment. The maximum possible sum of correlative 
differences is 200 per cent of the chain differences, and the point of 
indifference, or of 0 correlation, is reduced proportionately as the pos- 
sible sum of correlative differences is reduced. Hence when the sum 
of co-ordinal differences is substracted from the sum of correlative 


1 With correlation perfect the signs would be the same through the two series as arranged in the order 
of magnitude. 

2 The question may be raised as to why the comparison of magnitudes in this way, without correction 
for trend or average variability, would not yield the same result. It will not, though as a rough means of 
arriving at something like the same result it might have some value. But by such a rough method 
parts of the differences attributable to trend or to degree of variability would serve to cancel some of the 
non-correlative element in the difference; and therefore the correction for variability, etc., as 80 made 
would take out too much from the numerator of the correlation fraction and would thus increase by a2 
indeterminate amount the apparent degree of correlation. 
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differences, half the same sum of co-ordinal differences should be sub- 
stracted from the denominator of the correlation fraction (that is, 
from the sum of chain differences). 

The result obtained for the fifth illustrative example (page 748), 
namely, indifference, is not correct according to the foregoing con- 
siderations. The various series, as originally assumed and as manipu- 
lated with reference to the correction of the result, are as follows: 


i Correlative Chain differences arranged Coérdinal 
Chain differences differences by size differences 


Dl 


By correction the sum of correlative differences becomes 2 instead of 6, 
and by a corresponding correction the denominator of the fraction, 
or the divisor, becomes 4 instead of 6. The result is a 50 per cent 
positive index of correlation. 

As illustrating the practical importance of this final corrective opera- 
tion, the results of the computation of degree of correlation for two 
series known, on general grounds, to be correlated (negatively or 
positively), but showing marked differences in the range of variation 
of similar cycles included in both series, may be cited. Doubtless 
visible supply of grain and grain prices are correlated (negatively), but 
the seasonal variation of the former is markedly greater than that of 
the latter. In a 60-month series it is obvious that the correction for 
range of variation is necessary before deriving a coefficient. Adjust- 
ments for difference of trend and difference of average variability will 
not affect the cycles. 

Reduction of the Correlation Fraction to a Coefficient.—The fraction 
expressing the correlation ratio is the sum of the correlative differences 
less the sum of the corresponding codrdinal differences divided by the 
sum of one of the final series of chain differences from which the correla- 
tive differences are derived. 

To obtain the per cent ratio in question the totals of the logarithmic 
differences should be divided through directly, without reducing to 
absolute numbers. It is the ratio between these two sums that is 
significant for the purpose in hand. What they may mean in terms of 
absolute numbers is another matter. 
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The complement of the per cent obtained by dividing through the 
fraction expressing the correlation ratio—that is, the difference between 
it and 100 per cent—is an index and a coefficient of correlation. 

If the corrected sum of the correlative differences exceeds the sum of 
chain differences there is presumably negative correlation. But the 
index obtained should not be simply reversed and its complement 
taken as a numerical coefficient. If the results indicate negative 
correlation a direct test for such correlation should be made by a posi- 
tive method through reversing the signs of the chain differences on one 
of the series compared. There may be a maximum possible divergence 
between two curves—given the two specific series of trend deviations of 
which the sums are equal but which are not identical—where, neverthe- 
less, the reversal of the signs of one series would not result in a nil 
divergence. 

An indifferent result, indicating mere absence of correlation, is shown 
by a corrected sum of correlative differences equal to the sum of final 
chain differences. This would involve such a relation between the two 
series of chain differences as might (disregarding differences in varia- 
bility) be represented by drawing one curve as it is and drawing the 
other as a straight line; in other words, assigning it differences from the 
trend of 0, 0, 0, ete. Of course, the absence of correlation will not ex- 
press itself in this way, but if the trend differences of one series are 
completely and impartially independent of the other series (as they are 
when all are zero) then any accidental parallelisms will be just balanced 
by accidental contrarieties and the net result will be a sum of correlative 
differences equal to the sum of chain differences. 

It is always possible that the degree of correlation between two 
series of events is closer than the results of numerical analysis show, 
despite all adjustments to eliminate inaccuracy in either direction. A 
possible doubt as to the adequacy of the treatment of trend is not so 
important as the possible one-sided influence of accidental disturbing 
factors. In fact, it appears that the influence of such factors upon the 
correlation index obtained by the present method is biased, at least as 
the index approaches 100, and counts against the complete registering 
of actual degree of correlation. The method is therefore somewhat 
loaded against obtaining very decisive results.! 

An important factor in weakening the indication of correlation is 
lag in one of the series compared. This is not a subject necessarily to 
be considered in dealing with the derivation of a correlation index. 
If the needed adjustments for lag can be satisfactorily made it is proper 


1 Possibly in the interpretation of the index some use of the theory of probabilities could be made that 
would counteract this tendency. 
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to assume that the degree of correlation is the maximum that can be 
obtained by means of shifting one series forward or backward in time 
within limits suggested by the scope of known causal connections. 
With regard to the grain prices used in this discussion, there is no need 
of attention to lag, or at least none in connection with the subject of 


this article. 
Vv. ACTUAL INDEXES FOR CERTAIN GRAIN PRICES 


The figures used in this section for the purpose of illustration of the 
methods proposed are the prices of the principal cereals, wheat, rye, 
corn, and oats. Annual average prices at Chicago for thirty years or 
more were computed from data in the annual reports of the Chicago 
Board of Trade.! In the computation of indexes, the 30 years from 
1886 to 1915, involving 29 annual intervals, have been used, the 
peculiarity of the 1916 crop year and the special conditions following 
determining the point of cut-off. 

The various logarithmic series, constituting the steps in the com- 
putation of the coefficient, are reproduced as an appendix table. 
They are described in the second section of this article. The basic 
price series are not here given. They are not necessary to illustrate 
the method.? 

The variability index is easily computed from the third logarithmic 
series (chain differences after trend has been eliminated) with results as 


follows: 


Sum of adjusted Corresponding Index of 
chain differences Average absolute number variability 


Serre 1.7401 0.06000 1.1482 14. 
2.0315 0.07005 1.1751 17. 

0.08564 


These ratios are for variability on the basis of the wheat crop year 
(July-June). The characteristic variability of each grain, however, 
should be obtained on the basis of its own crop year. The preceding 
indexes are obtained on another basis incidentally to the obtaining of 
indexes of correlation, though they also have some intrinsic interest of 
their own. 


! The figures are arithmetic averages of 12 monthly averages of the means of the daily range (high and 
low), thus disregarding the seasonal variation in receipts at the market. 

* Any one wishing to obtain the original absolute data may look for them in detail in Volume VI of 
the Report of the Federal Trade Commission on the Grain Trade. The price data ia Volume VI have 
been subjected to certain unimportant corrections since the logarithms herewith presented were de- 
rived. The volume referred to makes considerable use of the method described in the present article. 
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On the basis of its own crop year for each grain with a different year 
from July—June, figures for periods of the same length are as follows: 


Sum of adjusted Correspondi Ind 
chain differences absolute number variability 


1.1670 
2.5799 1.2273 


The final stages of the process of computing coefficients of correlation 
are shown in the following tabular statement: 


Corrected 
sum j Index of 
and Ratio 
chain differences (per cent)! 


2.74515 0.88070 

1.16376 
1.19239 
0.74989 
0.78825 
0.51412 


1 Partial comparison of results here obtained have been made with results obtained by the Pearson 
method, using smoothed curves to represent trend, and for a period when such an assumption appeared 
to fit the facts, which yielded similar results. 


It will be noted that corn and oats prices are the only pair of 30-year 
series that show a marked degree of positive correlation, according to 
the index under consideration, rye-corn and rye-oats ranking next. 
Wheat responds inappreciably to the general influences that affect corn 
and oats prices. Wheat prices and corn and oats are, in fact, negatively 
correlated in the 30 annual averages used. Rye correlates better with 
either corn or oats than with wheat, though it also correlates somewhat 
with wheat. Wheat prices are very largely independent of those of the 
other grains. 


VI. GENERAL CONSIDERATIONS REGARDING COEFFICIENTS OF 
CORRELATION 


Correlation is naturally conceived in terms of a ratio, with unity 
representing complete or perfect correlation, and zero complete or per- 
fect absence of correlation. If expression in per cent be more familiar 
and preferable, perfect correlation is expressed as 100 per cent, and any 
given degree of correlation down to zero by a corresponding part of 100 
per cent. Of course there may be negative correlation, of which the 
perfect degree would be represented by minus 100 per cent. But 
inverse correlation should be computed in positive terms by reversing 
signs on one of the series. In the example used for illustration in the 


22.7 
| 
Corrected sum of 
correlative 
differences 
3.27176 —16 
2.05532 25 
] 2.22636 21 
a 
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present article, that is, the prices of various cereals, the sort of correla- 
tion to be looked for is positive. 

As compared with coefficients of correlation commonly used the one 
proposed may be distinguished for its emphasis on relativity (its use of 
logarithms), its use of chain differences instead of deviations, and its 
incorporation of a correction for trend as an essential element in the 
problem (a point not altogether independent of the one preceding). 
The importance of a due regard for relativity in the manipulation of 
figures—of prices and price changes in particular—should be under- 
stood without argument, and that fact sufficiently justifies the use of 
logarithms. 

By the present method all quantities are dealt with relatively at 
every stage of the process of computation of the indexes. It is true 
that the fundamental quantities with which the computation in ques- 
tion starts may be arithmetic averages, as in the present case. The 
representative quality of the averages, however, is probably not ap- 
preciably affected by this fact. And the proposition stated refers to 
the computation on the basis of these averages or of whatever other 
figures it starts with. In the usual practice classifications and sum- 
mations do not take account of relativity, even though relativity is 
introduced at a later stage in the process. 

Ordinarily computations of correlation coefficients are based upon 
the measurement of deviations from a norm or average. The present 
method compares successive items with reference to their relation to 
each other and without regard to their deviation from an actual or 
hypothetical norm. In many kinds of statistics it is easy to determine 
the norm from which deviations are to be measured, and in many such 
cases the determination will not be subject to reasonable or appreciable 
difference of opinion. In time series generally, however, such a situa- 
tion does not hold. Indeed, not only is there room for difference of 
opinion in such series, but the norm (which here becomes the trend) 
from which a particular deviation should be measured may be inde- 
terminate or determinable only on the basis of makeshift assumptions. 
Placing the emphasis on chain differences, it is believed, avoids this 
difficulty. It is probably also intrinsically more appropriate to the 
nature of time series generally, and certainly of price series. 

The present method of testing for correlation was devised with 
reference to making comparisons in time. Methods derived primarily 
with reference to comparison of space relations or analogous associa- 
tions have often been applied to time series without due regard to the 
need of adaptation to such use. It is true that no method is restricted 
to time or space comparisons, and it is not necessary to show how time 
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series and other series can be handled similarly. It is worth mention. 
ing, however, that applications of inappropriate methods to time 
series have sometimes been made in a way not directly conducive to 
the advance of scientific knowledge. This statement refers to the 
computation of Pearson coefficients for time series without adjustment 
for trend. 

The fact that the present method of testing for correlation is an out- 
growth of the consideration of time series is of more than incidental 
interest. The problem of dealing with trend occupies an important 
place in dealing with time series, and its proper solution is necessary 
because time series in general are much affected by long-term and other 
trends. A correlation coefficient evolved with reference to space or 
analogous relations will naturally pay less attention to this problem. 
It is true that much attention has been paid to the adaptation of the 
Pearson coefficient to use for data affected by trend, but not, it appears 
to the limited knowledge of the writer, with complete success. 

To return to a point already mentioned, the present method has a 
definite advantage in the matter of its emphasis upon relativity, 
Ordinary practice does not recognize the importance of the relative 
valuation of quantitative changes, or of a relative scale, in measuring 
variability. It is better not to leave for separate consideration the 
bearing of true relativity upon variations and quantitative compari- 
sons.! The present method takes care of this need automatically and 
as a necessary incident of its use.* 

The present method makes no assumption of a “‘normal”’ distribu- 
tion or of any approximation to a normal distribution of variations 
about a mean. It does not measure variation from an assumed mean, 
whether a simple average or obtained by smoothing or curve fitting or 
any other method, such as inevitably involves some degree of influence 
of personal judgment upon the basis of the calculation. The use of 
chain differences has this great practical advantage over any method 
based upon deviations, as well as involving a comprehensive elimina- 
tion from the element of fluctuation of the influence of trend and of 
cyclic deviation. 

The proposed indexes and coefficients of variability and correlation 
need to be tried out in practice as well as subjected to the criticism of 
those competent to judge. They doubtless need “seasoning.” 


1 It is not claimed that variations should always be measured relatively, but merely that as a matter of 
practice in dealing with concrete numbers (in other words, in dealing with statistics) the presumption is 
decidedly in favor of that assumption. 

2 A distinction should be made between the relative treatment of the basic variables and the final useof 
relativity in the correlation fraction. The latter element of relativity is an essential phase of the Pearson 
coefficient. But the standard deviation does not allow for the difference in significance of a given ab- 
solute variation according to whether it is superposed upon a large or a small absolute number, nor for 
the different relative value in the parts of a given change. 
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ON PROFESSOR H. L. MOORE’S MATHEMATICAL 
ANALYSIS OF THE BUSINESS CYCLE 


By Mark H. Inoranam, University of Wisconsin 


In three articles in the Quarterly Journal of Economics, Volumes 35 
and 36, Professor H. L. Moore, of Columbia University, tries by a 
somewhat elaborate analysis of business cycles to establish two facts: 
first, that business cycles are truly periodic; second, that the perio- 
dicity of the cyles comes from periodicity in weather directly due to the 
modes of Venus. 

The purpose of this paper is not an elaborate analysis of the business 
cycle, nor is it to suggest any new theories; it is merely to study the 
mathematical methods used by Professor Moore and to see whether 
any such analysis can be exact enough, on the basis of the data given, to 
establish a probability in favor of the conclusions at which he arrives. 

We first wish to point out the difference between two concepts of 
periodicity. Mathematically, a function y of a variable z is periodic if 
there exists a quantity which added to any value of z leaves the value of 
yunchanged. A common illustration of such a function is of course the 
sin (x), which has a period 2 7. As against this exact definition, there 
is acommon notion of something which after a given lapse of time will 
return to the same value and will continue to do so ad infinitum. Of 
course one would rarely expect to find in nature a periodicity in the 
mathematical sense. But we can hardly be satisfied with vague no- 
tions when speaking of periodicity, for then it would be obvious that the 
business cycle was periodic. I would say that the business cycle was 
periodic if a period could be established during which the cycle ap- 
proximately went through all its phases and if one cycle being long 
tended to make the next short. That is, if the period was seven years, 
the tendency would be for a nine-year cycle to be followed by a five- 
year cycle. Opposed to this would be a cycle with an average length 
of seven years, but if we had a nine-year period there would be no 
tendency to come back into synchronization with a cycle of a true 
seven-year period. This distinction is fundamental to any review of 
Professor Moore’s articles, and we must have clearly in mind just what 
heis trying to prove. He is trying to establish a true periodicity in the 
sense above defined, as he clearly shows by connecting it with the 
phases of Venus, which of course are exactly periodic. 

His method is that of a Fourier sequence and a Fourier periodigram. 
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I feel that it is worth while to point out just what the chief mathe- 
matical assumptions and principles are in this method. 

Perhaps this problem could be put no better than in Professor 
Moore’s own words: ! 


It is well known that Fourier’s celebrated theorem 

y =Ao+a, cos kt+a2 cos 2kt+a;3 cos 3kt+ 

+b; sin kt+be sin sin 3kt+ 
if carried out to a sufficient number of terms will reproduce almost any type of graph. 
This equation may be expressed also in the form 
y=Ao+A; sin (ki+e,) +Az2 sin (2kt+e2) + 

When the parameters of this equation are determined from statistical data, the 
question arises as to the significance of the several terms in the Fourier series. Do the 
successive terms in the sine series correspond to real periodicities in nature, or are they 
merely formal terms the summation of which will give the observed values of the 
original data? If, for example, a high value were obtained for one of the A-coefficients 
in the sine series, what warrant would there be for assuming that the particular sine 
term of which the given A was the coefficient would be significant of a recurring 
periodicity? 

The use of this method in connection with analysis of sound, etc., 
gives us a classical example of its power. Here we know that the ele- 
ments are harmonic, and this method breaks up the sound into its 
components. However, by taking a sufficient number of terms we may 
make our series approximate any single-valued continuous curve as 
closely as we wish. Even a series of segments of straight lines with dif- 
ferent slopes fitted together at random may be so represented. It is 
therefore obvious that in many cases our parameters are merely formal- 
ly determined to fit the curve. We may then take any time series at 
random and get a formal determination of our coefficients such that it 
may be correctly represented. 

Our formula is for am 


L 
i=l 2r 


and 


n 


where L is the total length of time covered by the data. 

What we do, then, is to take the values we actually get and multiply 
these values by the corresponding values of a truly periodic curve whose 
period is 1/m of a whole period studied, and add the results. Natu- 
rally, as these periods tend to coincide with that of our data the sum of 


1Quar. Jour. of Economics, Vol. XXXV, p. 505. 
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these products becomes large, and in the neighborhood of a true 
periodicity we have large coefficients of our Fourier series. 

I may note here that the two expressions given for the Fourier series 
are bound together by the formulas 


An= Vente m 


m am 


= = cos“! 


+ On? Vain 


It may be shown that each term of a Fourier series is completely in- 
dependent of the rest; and if there were a perfect periodicity cor- 
responding to one of these terms it would not show in any other. 
Turner, in the Monthly Notices of the Royal Astronomical Society, 


May, 1913, considers the effect of periods of length = i. €., of 
periods not exactly coinciding with any in the sequence, and shows that 


the effect is nearly negligible except for the terms of period & and 
m 


5 and that for these terms there should be a change in sign in 
m 
both the sine series and the cosine series in proceeding from one term 


to the next. 

We see, then, that the Fourier sequence method gives terms cor- 
responding to periods equal to the whole time analyzed divided by 
1, 2, 3, ete., and evidence of other periods. The periodigram method, 
as established by Professor Schuster (see Philosophical Transactions of 
the Royal Society of London, A Vol. 206, 1916), attempts to evaluate the 
amplitude of factors whose periodicity may be different from that given 
in the Fourier series. 

By the use of these two methods Professor Moore gets some results 
which at first sight seemed quite remarkable. In his first article, by 
use of the periodigram method, he shows that the amplitude of the 
terms corresponding to eight-year cycles in the production per acre of 
crops, production of coal and iron, and production of raw material, over 
the period 1880 to 1918 is relatively large. In the second article he 
changes his method to that of Fourier sequence (to my mind a distinct 
improvement), and shows, in an analysis of Sauerbeck’s index numbers 
of general wholesale prices 1818-1913, that the terms corresponding to 
an 8.7-year period and a 7.3-year period are large in comparison to 
other terms. From this he concludes that there is a true eight-year 
periodicity in business cycles. 

One certainly cannot deny that such may be the case; but in dealing 
5 
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with any phenomena of which we cannot definitely state the cause, we 
try to find all causes which could give the effect and from them pick 
that cause which has the greatest a priori probability. This cause we 
accept until further data either overthrow our theory or eliminate al] 
other possible causes and establish our chosen one. It is evident, 
therefore, that in all such scientific work there is a subjective element, 
an element of temperament. 

To many, I believe, the a priori probability of a clean-cut periodicity 
in the business cycle would seem extremely small. It would seem to 
them that if a cycle upon which we are entering turned out to be a ten- 
year one, there would be small evidence that the next would tend to be 
a six-year one. Rather, indeed, it would seem to them evidence that 
conditions were so changing that the length of our cycle might be ex- 
pected to increase rather than decrease. 

Have those who feel this way another explanation for the action of 
our Fourier series than that given by Professor Moore? The business 
cycle is clearly recognized. Some cycles are longer, some shorter; but 
whether the cause is, as Professor Moore believes, a generating cycle 
with a true periodicity, or whether there are multitudinous causes 
which tend to ebb and flow together, so that cycles, over a given short 
period of time, probably will not depart from the average length by any 
great amount, is open to discussion. Would the second hypothesis 
explain our Fourier series? 

Let us simplify our case extremely. Suppose we had cycles that 
were all perfect sine curves of amplitude 1 but of different lengths; 
that we could put them in a hat and draw them out at random, fitting 
them end to end; and that in our hat we had more eight-year cycles 
than anything else, with a large number of seven-year and nine-year 
cycles, and that the number fell off sharply on either side. It may be 
readily shown, when the number of drawings is small, say ten or less, 
that there is a large probability that the terms representing a period of 
about eight years would be relatively large in our Fourier series. 
This probability is increased even more if we consider only such sets 
of drawings as average eight years per drawing—a valid assumption 
in a posterior consideration of the cause. For illustration, I have as- 
sumed a hypothetical case which has no true periodicity; but the fol- 
lowing table shows this tendency to maximize the term corresponding 
to the average length of the cycle. 

In the following case I have assumed a sine curve of amplitude 1 and 
period 10 years followed by another of period 9 years, then one of 
period 8 years, then one of period 7 years, and finally one of period 
6 years. In the table below are given the first six coefficients of both 


ti 
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the sine and cosine series in the Fourier expansion of this curve. It will 
be noted how large the amplitude is corresponding to a period of eight 
years. The computations were not made to any high degree of accu- 
racy, but the tendency is strong enough to be very striking. 


A? 


The following is the curve analyzed: 


Ficure 1 


We may, then, conclude on the basis of the short period covered 
(short in number of complete cycles used) that our Fourier analysis 
gives us no evidence inconsistent with former theories of the business 
cycle and that it in no way strengthens the evidence of a periodic theory 
as against a theory of cycles which merely group themselves as regards 
length fairly close to the average. 

There is one point in regard to Professor Moore’s particular use of 
the method which cannot be overlooked. In his analysis of Sauerbeck’s 
figures he finds that the Fourier coefficient for periods near eight years 
are the following: 


Period in years a b A? 


The eight-year period being small hardly fits this theory, but the 
coefficients of the 8.7- and the 7.3-year periods are large. It would 
seem natural to average them into one. 

To quote Professor Moore: ! 


The eight-year cycle which is representative of Sauerbeck residuals in Figure 6 was 
constructed from these two equations in the following way: Its period of eight years is 


Wass =8.05; the amplitude of the 


the mean of the periods of these two cycles 


‘Loc. cit., p. 522. 


: Period in 
Divisor years b a | A 
1 40 =-.1 0 -O1 a 
2 20 0 -O1 
3 13.3 -2 -08 3 
4 10 4 +.2 -20 4 
8 —.6 -40 -6 
6.7 3 -09 3 
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eight-year cycle is the mean of the amplitudes of these two cycles, aa) =3.45; 


and the phase of the eight-year cycles is the mean of the phases of the two cycles 


9 ie =50°30’. It will be seen from Figure 6 that the eight-year cycles in the 


century of Sauerbeck’s index numbers were approximately synchronous with the 
corresponding cycles in the indicated yield per acre of the British crops. The eight- 
year cycle in the crops is proved to have persisted throughout nearly the whole period 
of 159 years from 1760 to 1918. 


This method, however, is fundamentally in error. As Professor 
Moore himself points out, the successive terms of a Fourier series are 
independent. This averaging is then not allowable. I have plotted 
below that portion of a curve given by these two components alone, and 
below it, the part that would be given by Professor Moore’s components 
with the period of 8.05 years, the amplitude 3.4, and the phase 50°30’. 


Figure 2 


Comparison of the curves for y=3.8 sin (e+) +3.1 sin 


and y=3.4 sin (0 +5030). Professor Moore uses the second formula as an 


approximation of the first. 


The following table shows what the Fourier coefficients would be 
if instead of the actual data we had what Professor Moore assumes to 


t+50°30") 


be ly equivalent, y=3.45 in ( 
nearly equiv y si = os 


Period in 
years 


8.73 
8. 
7.38 


A comparison of this table with the preceding one clearly indicates the 
error in such averaging. 


1 
360° 
7.33 ( 
a 
.19 —.18 .07 2 
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In other words, Sauerbeck’s figures show what one would expect 
under the old theory of cycles with no regular periodicity but with a 
large number of cycles of approximately eight years in length. 

As to the statement, ‘‘the eight-year cycles in the century of Sauer- 
beck’s index numbers were approximately synchronous with corre- 
sponding cycles in the indicated yield per acre of the British crops,” it 
may be stated that by examination of Professor Moore’s curves ' alone, 
we find that about a third of the time when the crops were above aver- 
age the “generating cycle” was below average, and that about a third 
of the maxima and minima in the crop production occur when the 
generating sine curve is on the opposite side of the z-axis. Likewise, 
from about 1790 to 1825 the correlation between the two is very dis- 
tinctly negative. It seems that such an approximation of a sine curve 
to a curve that we know to be cyclical is if anything extremely rough 
rather than close. 


CONCLUSIONS 


Professor Moore assumes an eight-year period in the business cycle. 
To prove this he uses the method of Fourier sequence and the periodi- 
gram, and analyzes the crop, manufacturing, and coal and iron produc- 
tion figures since 1880, and Poynting’s wheat figures and Sauerbeck’s 
price figures for about a century. The recent figures are consistent 
with his theory, while the little evidence yielded by Sauerbeck’s figures 
is against it. 

The method of Fourier analysis over a period of forty years is insuffi- 
cient to establish the existence of any period of a length as great as eight 
years. 

All data could be explained as well by a theory of cycles which merely 
assumed that in general the length of cycles is close to that of their 
average length, showing no true periodicity. This is to the average 
economist much the more likely hypothesis on an a priori judgment, 
and so it should stand until we have much more complete statistical 
data. 


1 Loc. cit., p. 520. 
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A STATISTICAL STUDY OF SMOKERS AND NON-SMOKERS 
AT THE UNIVERSITY OF TENNESSEE 


By L. Hour 


In an article published in School and Society, September 3, 1921, I 
gave the results of an investigation of the following points among the 
smoking and non-smoking freshmen at the University of Tennessee: 
the average age, height, weight, chest expansion, gain in height between 
the first and second physical examination, blood pressure (systolic), and 
college grade; also the percentage below normal weight for age and 
height, the percentage that failed, and that got academic honors in the 
first term. The percentage of smoking and non-smoking candidates 
for the four chief athletic teams who succeeded in making the team and 
the number in each group on the actual teams were given. The results 
are shown in Tables I and II. (See the article above mentioned for 
comments and explanations.) 


TABLE I 


PHYSICAL MEASUREMENTS OF SMOKING AND NON-SMOKING FRESHMEN 
AT UNIVERSITY OF TENNESSEE, SEPTEMBER TO OCTOBER, 1920 


No | Whole Class 


8 


00 00% 


5 


5 


Below normal weight for age and height 
Gain in height in 5 mon 

pressure, systolic 
Average college le for the first term 
Percentage failed in first term 
Received academic honors 


a 
5 


ng 


wo 
x 


(one doubtful) 


TABLE II 


SUCCESS OF SMOKERS AND NON-SMOKERS IN ALL CLASSES IN SCHOLARSHIP AND 
ATHLETICS AT UNIVERSITY OF TENNESSEE, YEAR OF 1920-21 


Smokers Non-smokers 


5 


Made the football team 10 
Made the basketbal 
3 


Total number on all teams 20 
Percentage of candidates for al} teams successful 48.7 


é 
I 
t 
I 
( 
I 
I 
i 
1 
I 
8 
ABE 19 yrs. 0.6 m. t 
3.36 
42.4% 
0 
112 
71.3 a 
11.2% 
5 
t 
i 
0 
d 
Received academic | 20 f 
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During the college year of 1921-22 I continued and extended the 
scope of this investigation to cover all four college classes, and I have 
also compared two age groups independent of college class. More im- 
portant is a study of the comparative percentages in the smoking and 
the non-smoking freshmen of abnormalities of the heart and circulation, 
and a computation of the mean deviation, standard deviation, and 
probable error of the height, weight, blood pressure, and lung capacity 
of groups of smokers and non-smokers of the same age. 

As in the preceding year, I counted as smokers all students who were 
recorded on their physical examination record card as using tobacco 
more than ‘“‘rarely”’ or “‘only occasionally.”” The figures refer to ex- 
aminations made during the first term, from September to January 


inclusive. 
PHYSICAL MEASUREMENTS 


I omitted a comparison of ages this year and substituted lung capac- 
ity measured in cubic inches by the wet spirometer for the chest expan- 
sion. ‘he former is now generally conceded to be a better index of 
breathing ability and vital capacity. 

Table III shows the averages of the four physical measurements of 
height, weight, lung capacity, and blood pressure for the smokers and 
non-smokers by classes, but grouping juniors, seniors, specials, and law 
students together in order to secure a fair-sized group. 

Height.—In each of the four classes and in the totals the smokers are 
taller, but the differences are only 0.17, 0.49, and 0.39 inch, and thus 
do not amount in any class to even 1 per cent. As the probable error 
of the mean height of 44 smoking sophomores was 0.23 inch, the stand- 
ard deviation being 2.23 inches, we must regard such slight differences, 
which are less than three times the probable error of the mean, as due 
to accidental causes, probably chiefly to the higher average age of the 
smokers, and wholly insignificant so far as showing any effects of smok- 
ing. 

In order to eliminate this disturbing factor of age differences I made 
out four new groups by age and averaged their height, weight, blood 
pressure, and lung capacity. The results are seenin Table IV. I was 
disappointed to find here also only slight differences, 0.35 and 0.37 inch 
for height, and still in favor of the smokers. These figures show, if they 
show anything, that the amount of smoking which had been done by 
the smokers both before and after entering college had not affected 
their height significantly, favorably or otherwise. 

Weight.—Table III shows also only slight differences in weight, and 
those all in favor of the smokers except in the upper class group, where 


: 
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the abstainers from the weed average two whole ounces heavier! The 
fact that the slight differences in height and weight are largest in the 
smallest group, the sophomores, indicates that there too the advantage 
of 3.69 pounds is of no significance but is due to such accidental causes 
as greater age and height. 

Number Below Normal Weight.—A good many students have told 
me that when they stopped smoking they gained weight, and our Dj- 
rector of Physical Education tells me that it is generally known among 
trainers that a man who wants to gain weight should stop smoking and 
one who wants to lose or keep down his weight should do so more easily 
if he smokes. Every student’s weight is compared at physical exam- 
ination with the standard for his age and height as given by the Life 
Extension Institute, based on some 200,000 measurements by Life In- 
surance Companies. The figures in column 4, Table III, show the 
number and percentage in each of the eight groups that were one pound 
or more below the standard. Here again we find only small differences 
in percentage, usually in favor of the abstainers, to be sure, but so 
small that they furnish no evidence at all that smoking as usually prac- 
ticed by college students tends to cause malnutrition. As before, the 
largest differences are in the smallest group. It is interesting to note 
that about 58 per cent of all the men at the University were below nor- 
mal weight at their first examination in the fall and early winter, just 
when they should be the best nourished. The men of East Tennessee 
are generally rather tall and thin, often, indeed, so thin at college ages 
that the local clothing stores carry a special cut of suit for them. The 
lower percentage for men below weight in the sophomore class than in 
the freshman, about 6 per cent less for an average of smokers and non- 
smokers, may mean that the nutrition of the men usually improves 
during the first year in college, but the numbers are too small for reli- 
able deductions. Table I shows a striking difference, however, in the 
percentages of men underweight among smoking and non-smoking 
freshmen. 

Blood Pressure.—I am somewhat doubtful as to how to interpret the 
slight differences in the average blood pressure in the various groups. 
I am inclined to believe that the slight fall among the smokers, varying 
from 0.7 in the sophomores to 3.4 in the freshmen, which was 4.0 last 
yea., may well have a real though slight significance for the following 
reasons: First, the statistics by age groups in Table IV show very simi- 
lar differences, also in favor of the non-smoker, averaging 3.5 mm. in 
the 19-year group and 5.1 in the 18-year group. Second, I found a 
much larger percentage of smokers than of non-smokers who had too 
low blood pressures (Table VII); and, third, the immediate effect of 


q 
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nicotine is always to lower the pressure. 
mean pressures for smokers and non-smokers, age 18, we find that the 
difference of 5.1 is nearly three times the probable error of the similar 


difference at age 19, and so is significant. 


TABLE III 


PHYSICAL MEASUREMENTS OF SMOKING AND NON-SMOKING STUDENTS AT 
UNIVERSITY OF TENNESSEE BY CLASSES, MADE IN THE FALL OF 1921 


Notes 


Finally, by comparing the 
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Group 
(1) 


Average 
Number | height in 
in group inches 


(2) 


Average 
weight in 
pounds 


(3) 


Per cent | Ave Average 
low systolic lu 
normal lood capacity, 
weight pressure cu. in. 
(4 (5) (6) 


Smoking freshmen......... 94 
Non-smoking freshmen. .... 203 
Smoking sophomores. ...... 44 
Non-smoking sophomores. . . 75 


94 


Non-smoking upper classes} 
and law students 


68.45 
68.28 
68.94 
68.45 


68 .59 


136 .57 
135.08 
140.34 
136.65 


142.04 


142.16 


61.5 


59.1 118.1 254.8 
52.3 114.8 261.0 
56.0 115.5 258.1 


56.4 


55.0 


114.7 


116.9 


115.9 


260.5 


273.3 


270.2 


Total smokers 


139.51 


58.2 


115.5 


266.0 


Total non-smokers 


137.26 


57.2 


117.1 


TABLE IV 


PHYSICAL MEASUREMENTS OF MEN STUDENTS 1921-22 BY AGE 
GROUPS FOR SMOKERS AND NON-SMOKERS 


(Number of observations averaged is under each number in parentheses) 


Height 


Weight 


ung 
capacity 


Systolic blood 
pressure 


ABNORMAL HEART OR BLOOD PRESSURE 


If we are going to find any bad results of smoking on the student’s 
body, we should expect to find it in the heart or blood pressure, because 
we know that nicotine affects the circulation markedly in susceptible 
persons, and continued excessive smoking is believed by some heart 
specialists to cause at least functional if not organic angina pectoris and 


| |_| 
Smoking up; classes and 
— 
Age eighteen 
igs 68.70 133.31 253 113 
(39) (39) (23) (26) 
ee 68.35 135.84 258.8 118.1 
(126) (126) (75) (86) AX 
Age nineteen 
68.66 138.94 264 114 
(48) (48) (35) (37) 
Non-smokers 68.29 137.45 259.6 117.5 
(74) (73) (57) (49) ; 
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arteriosclerosis. Table III fulfils our expectations with the high figure 
of 33.3 per cent of abnormal hearts or blood pressures among the 94 
smoking freshmen as against only 23.6 per cent among the non-smokers, 

Table VII gives an analysis of the cases of too low blood pressure 
(under 105), too high (over 125), and distinctly abnormal hearts, and 
shows much higher percentages among the smoking freshmen in every 
case. It may be more reasonable to suppose—indeed, I do myself— 
that mentally inferior smoking students really smoke because they are 
mentally inferior rather than vice versa; but it would be absurd to sup- 
pose that the smokers with defective hearts became smokers for that 
very reason, for as a matter of fact nearly all doctors tell their cardiac 
patients not to smoke, and the parents of such students will usually also 
forbid them to smoke. On the other hand, the fact that their weak 
hearts prevent these students from going into athletics does tend to 
make them more idle and also takes away the prohibition of athletic 
training. The difference between the two groups in percentages for 
abnormal hearts, 16 per cent for smokers and 5.6 per cent for non-smok- 
ers, is certainly significant, and is the strongest evidence of injurious 
physical effect of smoking in college students that has resulted from my 
investigations. 


ATHLETIC TEAMS 


The data given me this year (1921-22) by the assistant coach, Mr. 
A. W. Hobt, showed a much greater predominance of non-smokers 
than last year. The figures for the teams were as follows for smokers 
and non-smokers respectively : football, 6, 4; basket ball, 3, 5; track 2, 
10; baseball, 2, 9; total, 13, 28. 

The successful non-smoking athletes thus outnumbered their smok- 
ing competitors two to one, while last year they were only 50 per cent 
ahead of them. There is a puzzling exception in the fact that both 
years the football team had more smokers than abstainers. 


ACADEMIC WORK AND HONORS 


Last year I averaged the grades of the smoking and the non-smoking 
freshmen for the first term and found that the abstainers excelled the 
smokers by 4.1 points. This year I averaged instead the average credit 
units obtained in both years by each group. Academic honors and also 
eligibility to fraternities at Tennessee are decided by credit units, and 
the numerical system has been given up altogether the past year in 
favor of the letter grades, A, B, C, etc. The highest grade of A gives 
4 credit units, B gives 3, C gives 2, D gives one, while E and F give 
none. The average credit units for each student were first obtained by 
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73) 
dividing the sum of his units by the number of his courses. Thus 3 B’s 
and 2 C’s give an average of 2.6 credit units. It seems to me a matter 
of personal opinion which system of grading gives percentage differ- 
ences that are more fairly representative of the student’s academic work 
or intelligence, the latter being of course quite a different thing from the 


former. The percentage range from 0 to 4 by the credit unit system is 
400 per cent, while by the numerical grades it is as ordinarily used (50 
the lowest and 100 the highest) only 100 per cent. In other words, 
by credit units the A man rates four times as high as the passing or D 
man, while by the numerical system the A man is only 30 points ahead 
of him, which is about 43 per cent of the grade 70 which D represents. 

Now the average credit units of the non-smoking freshmen of 1920-21 
averaged 1.48, which was one-eighth or 12 per cent higher than the 
smokers’ average, 1.32. There were 58 smokers and 179 non-smokers 
inthe class. For the past year, 1921-22, the average credit units of the 
non-smoking freshmen were 1.80 and for the smoking freshmen 1.44, 
giving a percentage superiority to the abstainers from tobacco of 25 
per cent. 

Table V gives an analysis of the honor students (men) for 1921-22 by 
classes and smoking habits. To save space I have lumped together the 
three academic honors of ‘‘cum laude,” “magna cum,” and “summa 
cum.” It may be worth mentioning, however, that of the ten men 
getting “summa cum” two were smokers, while of the 26 receiving a 


“cum laude” only 3 were smokers. 


TABLE V 
HONOR STUDENTS BY CLASSES 


Non-smokers 


Smokers 


2 4 

14, or 19.5% 58, or 80.5% 


These figures seem to indicate that smoking is a much greater obsta- 
cle to obtaining honors for a freshman than for a senior or a law student. 
The same percentage as last year, 80, of all the honor men did not 
smoke. 

To enable the critical reader to judge of the significance of the figures 
here presented, I append a table of standard deviations, probable errors 
of means, and the probable error of the difference between two means. 


Class 
© 


American Statistical Association 
TABLE VI 


Standard deviation | Probable error of 
Probable error 
N. N difference 
Smokers | smokers | Smokers | smokers 


A. Mean weights of 68 non- 
smokers and 48 smok- 
ers, all 19 years of age} 15.3 17.8 1.48 1.45 2.07 
B. Mean blood pressure of 30 
smokers and 41 non- 
smokers, all 19 years of 


11.38 13.0 1.40 1.37 1.96 
C. Mean lung capacities of 
35 smokers and 57 non- 
smokers, all 19 years of 
D. Mean height of 44 smok- od 


ing sophomores and 75 
non-smoking sopho- 


0.23 


0.33 approximately 


TABLE VII 


COMPARISON OF ABNORMALITIES OF HEART AND BLOOD PRESSURE 
IN SMOKING AND NON-SMOKING FRESHMEN, 1921-22 


Too low systolic 


Too high systolic 
blood pressure blood 


pressure Abnormal hearts 


Number | Per cent Number | Per cent Number | Per cent 


Smokers (70)............. 11 16 18 26 11 16 
Non-smokers (161) ....... 17 11 37 23 9 5.6 


GEOGRAPHICAL ASPECTS OF STATISTICS OF 
EMPLOYMENT AND EARNINGS 


By Don D. Lesconter, University of Wisconsin 


The analysis of business and employment conditions in the United 
States has been almost uniformly presented in terms of industries. 
Figures for the steel industry, cotton manufactures, various agricultural 
crops, and the coal industry are typical. It is of first importance that 
we have available statistics of production, employment, and earnings 
by industries, and it is essential for proper diagnosis of business cycle 
conditions to develop better statistics along this line than are available 
at the present time. The purpose of this paper is simply to emphasize 
a need for industrial and business statistics presented in such a form 
that they may be combined and recombined for geographical areas to 
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serve various practical ends. At the present time valuable employ- 
ment data are furnished by a few of the states, such as New York, 
Massachusetts, and Wisconsin. Other states are beginning to provide 
similar services. The amount of statistical information provided by 
state organizations is not sufficient, however, to permit the combina- 
tion of the state figures into figures for areas or zones. Neither the 
figures published for industries nor the figures published by the states, 
therefore, entirely meet the need which is pointed out in this paper. 

Checking over the census figures on the distribution of manufactur- 
ing industries, the writer found that 51 per cent of the manufacturing 
wage-earners of the United States are in the five states of New York, 
Pennsylvania, Massachusetts, Illinois, and Ohio. The four states 
now publishing reasonably satisfactory employment statistics—New 
York, Massachusetts, Wisconsin, and Illinois—include a little over one 
third of the manufacturing wage-earners of the United States. Three 
fourths of these factory workers are concentrated in the states east of 
the Mississippi and north of the Ohio River. If Ohio, Pennsylvania, 
and Michigan will furnish labor market information comparable with 
that of the four states mentioned above, a fairly satisfactory picture of 
the fluctuation of employment in the principal manufacturing area of 
the country will be available. But the fluctuation of employment in 
the area south of the Ohio and west of the Mississippi is not revealed by 
statistics emanating from this manufacturing area. The lower Missis- 
sippi Valley, the great plains west of the Mississippi River, and the 
Pacific Coast states constitute regions of basic importance in the na- 
tion’s economic life. But they are not primarily manufacturing and 
financial areas, and the business situation in them must be revealed by 
statistics other than those now available. 

It has been apparent from time to time that conditions of employ- 
ment in one industry using a certain basic raw material have varied 
considerably from conditions in related industries using the same raw 
material. Frequently these related industries are located in different 
areas or are selling in different markets. The steel industry is con- 
centrated in five states, and of these states Pennsylvania and Ohio turn 
out nearly 85 per cent of the output. Obviously the condition of em- 
ployment in these two states gives a clear indication of the situation in 
the industry. But the foundries and machine shops which transform 
crude iron and steel into various fabricated products are distributed 
through a majority of the states. Thirteen states may be listed as 
important in this line of manufactures. Only one half of the foundry 
and machine shop production is concentrated in the five states that 
dominate in the manufacture of steel. Consequently, statistics for the 
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states of great iron and steel manufacture do not dependably reflect 
conditions of production and employment in the foundry and machine 
shop industries. These industries are largely found in other geographi- 
cal areas. Incidentally the labor supply upon which they depend is for 
the most part distinct from the labor supply utilized by the steel mills, 

Furthermore, it is entirely possible that the state of employment 
in the foundry industry in California or in Minnesota will be consider- 
ably different from the state of that industry in Pennsylvania or 
Alabama. Observation and chance information has called attention 
again and again to marked variations in the degree of business activity 
in the same industry in different sections of the country on a given date, 
The statistics as published should make possible the analysis of the 
specific industries in specific areas. But even more important, the 
figures on production, employment, and wages for all industries should 
be susceptible of combination into a picture of an area. The foundry 
industry of California is significant as a part of the foundry industry of 
the nation. It is also significant as a part of the general industrial 
situation in California and of the general industrial situation on the 
Pacific Coast. 

The lumbering industry provides another important illustration. 
There are four principal areas of production: the Great Lakes area, 
the Atlantic Coast area, the lower Mississippi Valley area, and the 
North Pacific area. The census figures indicate that if output is 
measured in terms of value rather than physical product these four 
areas are of roughly equal importance. The conditions of employment 
and of prosperity in the industry in these four areas often varies very 
sharply at any given date. It is entirely possible that a certain degree 
of stagnation may exist in the lumbering areas stretching down the 
Atlantic Coast from Maine to Florida when the Pacific Coast lumber 
mills are active. The Great Lakes area and the lower Mississippi 
Valley area (which centers in Louisiana and Mississippi) may vary as 
sharply. Statistics that combine the figures for the lumbering industry 
of the country may therefore obscure rather than reveal the condi- 
tions in these widely separated areas. In other words, a dullness on the 
Atlantic Coast added to activity on the Pacific Coast might produce a 
picture of moderate activity for the lumbering industry as a whole. 
For many purposes such figures are desirable. For other purposes they 
are very unsatisfactory. Analyses of business conditions which aim te 
guide future business policy find in these variations in different sections 
of the country extremely significant indexes both of the probable trend 
of conditions in the country as a whole and of the probable trend of 
business in particular areas. 
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One more illustration may be cited—agriculture. There are some 
agricultural states in which the agricultural production largely consists 
of consumers’ goods such as oranges, bananas, garden truck, small 
fruits, butter, cheese, and milk. For instance, Florida with its citrous 
fruits, its strawberries, and truck; the truck and fruit regions scattered 
along the Atlantic seaboard up the Connecticut Valley; the fruit sec- 
tions of western New York; and the fruit and truck sections of Cali- 
fornia are ‘consumers’ goods areas”’ in agriculture. There are other 
agricultural regions in which the products are almost entirely pro- 
ducers’ goods. On the great plains between the Mississippi River and 
the foothills of the Rockies practically the entire agricultural output 
consists of producers’ goods—wheat, corn, oats, rye, barley, flax, and 
beef “‘on the hoof.” These products require manufacturing before they 
are ready for human consumption. 

The effect of general business conditions upon agricultural areas 
that produce largely consumers’ goods will probably be very different 
from the effect of business conditions upon areas that furnish pro- 
ducers’ goods. Conversely, the effect of these two different types of 
agricultural areas upon business conditions will differ. The conditions 
of prosperity, the volume of farm income, and the conditions of farm 
purchasing power are certain to vary considerably in these different 
types of areas. North Dakota, for instance, because it was a producer 
of wheat, oats, rye, barley, and flax, which were raw materials of 
domestic manufacture and of foreign export, felt the industrial depres- 
sion of 1920 with maximum severity. It was an area in which pro- 
ducers’ goods exclusively were produced. In Wisconsin the situation 
was different. The diversified agriculture of this state combines a 
large output of such consumers’ goods as milk, with such producers’ 
goods as corn, oats, tobacco, and peas. It has not suffered so severely 
as North Dakota from the depression of farm prices in 1920 and sub- 
sequent years. 

It seems clear to the writer that the statistics of production, market- 
ing, employment, and earnings should be available in a form that will 
permit the separate analysis of conditions in any area of the country as 
well as in industries as a whole. It should be possible to discover the 
conditions in any specific industry for each section of the country 
separately and to combine the statistics for various industries to get a 
composite picture of the general situation in particular areas. The 
bankers in forecasting business conditions to determine the volume of 
loans to be made in specific areas need information that is*not purely 
industrial but is also geographical. Government labor officials direct- 
ing the flow of labor through federal or state employment offices require 
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specific geographical information to guide them in their work. [p- 
vestors and workers contemplating moving to other sections of the 
country likewise require geographical data. 

The uses to which such information would be put may be typified by 
the meeting of the National Farm Labor Exchange in Kansas City in 
April of each year. This is an organization of state and federal officials 
who are responsible for handling the labor mobilization and distribution 
for the wheat harvest. In order to gage the probable available sup- 
plies of harvest labor they need specific information of conditions of 
employment in meat packing, road construction, railroad construction 
and section work, and a variety of other industries in the Mississippi 
Valley from Ohio west as far as Colorado and from Minnesota to Texas. 
Each year they are embarrassed by a lack of adequate information 
about conditions in this specific area. Guessing the situation in the 
industries of the territory mentioned, they base their calculations and 
plans for the entire summer upon their rough diagnosis. Not infre- 
quently the guesses of many of the officials involve important errors due 
to lack of adequate figures. Bankers and business men might not be 
interested in the specific combinations of the data of most use to these 
employment officials, but they would be interested in certain other 
combinations of the data to guide their own policies. It should be 
possible for different bodies or other interests who wish to use data to 
take the figures for the specific industries in the different states and 
combine them for such groups of states and for such particular industrial 
areas as they are particularly interested in. 


A “STATISTICAL PARADOX” 
By Horace Secrist, Northwestern University 


A common injunction in statistical use is, ‘do not average averages.” 
A striking evidence of the necessity of abiding by this principle is 
contained in the following illustration. 

The following table shows by years for four groups of stores the total 
amounts of wages and salaries, the amounts of proprietors’ salaries, and 
the relationship which obtains between them, the proprietors’ salaries 
being expressed in terms of $100 of total wages and salaries.' It is 
evident from the graphic summary of the table that in each of the 

1 These data refer to retail clothing stores and are taken from Volume II, p. 167, of the study, Costs, 


Merchandising Practices, Advertising and Sales in the Retail Distribution of Clothing, prepared by Nortb- 
western University Bureau of Business Research. 
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groups of stores the amounts ef proprietors’ salaries per $100 of total 
wages and salaries decreased between 1914 and 1918, and between 1918 
and 1919. An inverse condition, however, obtains for the stores con- 
sidered as a whole. How is this condition to be explained? The dif- 


RELATION OF PROPRIETORS’ SALARIES TO TOTAL HAGES AND SALARIES 
FOR STORES CLASSIFIED BY SIZE, 1919, 1918, AND 1914 


$5,872, 654 
1,032,452 38.60 
957,051) 408, 680 42.70 


RBs 
$28 


ferent directions of change characterizing the detail and the total 
constitute what may be called a “Statistical Paradox.” The accom- 
panying chart will help to make clear the conditions producing the 
seemingly inconsistent tendencies. 

In the chart the respective scales represent the amounts of proprie- 
tors’ salaries per $100 of total wages and salaries. In the left-hand 
group of illustrations, called Series A, the weights represent the propor- 
tions which the wages and salaries for the different store-groups con- 
stitute of the total wages and salaries. In the right-hand series of il- 
lustrations, called Series B, the weights for each store-group represent 
one fourth of the total wages and salaries. In both series the weights 
6 


Amount of 
Salaries per $100 
Classified Total 
Sales and Salaries 
Salaries Grephio : 
(in 000's) Fo $20 
1919 | 
1914 
1919 
1918 
1914 
1919 
| | 
1914 
#09 to $189 1918 
Group 2 
1914 
1919 38 1,890, 7: 556,867 28.39 
$180 & over | 1918 17 864, 548 236,970 | 27.41 
(Group 1) 
1914 3 96,165 25,200 26.20 a 
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are hung at points on the scales which represent the average amounts of 
proprietors’ salaries per $100 of total wages and salaries. In Series 4 
the fulcrums or balancing points for all of the stores combined are 
located at the positions representing the average amounts of pro- 
prietors’ salaries per $100 of total wages and salaries, the store-groups 
being assigned their true importance in determining the correct average. 
In Series B the fulcrums or balancing points for all the stores combined 
are located at positions representing the means of the amounts of 
proprietors’ salaries per $100 of total wages and salaries, the groups 
being given equal importance. The respective weights in both series 
correspond to the groups indicated in the table. 

When due importance is given to each store-group in determining the 
averages for the different years, the fulerums move from right to left. 
That is, the averages decrease from year to year. This condition 
obtains notwithstanding the fact that from year to year the amounts 
for the respective groups increase, that is, move from left to right. In 
other words, while the amounts for each store-group are increasing, as 
shown in the table and illustrated in the chart, the averages for all 
store-groups are decreasing. In Series B, on the other hand, the 
averages for the respective years increase, as do also the amounts for 
the individual sales-groups. 

The explanation for these different tendencies is found not in the 
positions at which the respective weights are hung on the balancing 
scales in each of the years, but rather in the proportions which obtain 
between the respective weights. In 1914 the dominant weight is for 
Group 3. In the other years this weight becomes successively smaller. 
Similarly, the weight for Group 4 in 1914 is relatively large in contrast 
with the same group in the other years. The weight for Group 1, how- 
ever, is relatively small in 1914 and increases in size in 1918 and 1919. 
A similar condition obtains for the weight for Group 2. The net effect 
of the changes in the size of the weights is more than sufficient to counter- 
balance the successively higher positions at which the weights occur on 
the scale in the successive years, thereby reducing the averages for the 
respective years. In Series B the weights occupy the same relative 
positions for the different years that they do in Series A. Because the 
weights are equal, the averages for the successive years increase. 

In the absence of the concrete data given in the table, showing the 
total wages and salaries as well as the proprietors’ salaries, it would be 
incorrect to average the amounts for each of the groups in the respective 
years. By so doing the tendency for the averages to decrease from year 
to year, as shown in Series A, would be altered, the amounts actually 
increasing. What they would be if the amounts in the respective 
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groups for each of the years were given equal weight is shown at the 
balancing points for the respective years on the chart in Series B. And 
yet, not infrequently such amounts are averaged in the absence of the 


ILLUSTRATIONS OF A “STATISTICAL PARADOX” 


Series Serice 


mses 


(1)=Sales, $180,000 & over (2)=Sales, $80,000 to $180,000 (3)=Sales, $40,000 
to $80,000 (4)=Sales, Under $40,000 

The scales represent the amounts of proprietors’ salaries per $100 of total wages 
and salaries. 

In Series A the weights represent the proportions of the total wages and salaries 
which were reported by the different store-groups. 

In Series B the weights for each store-group represent one-fourth of the total wages 
and salaries. 

In both series the weights are hung at the points on the scales representing the 
average amounts of proprietors’ salaries per $100 of total wages and salaries. 

In Series A the fulcrums or balancing points, for all the stores combined, are located 
at the positions representing the average amounts of proprietors’ salaries per $100 
of total wages and salaries, the store-groups being assigned their true importance in 
determining the correct average... 

In Series B the fulcrums or balancing points, for all the stores combined, are located 
at the positions which represent the means of the amounts of proprietors’ salaries per 
$100 of total wages and salaries, the groups being given equal importance. 


| i i 
$8.60 
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detail to which they apply. In most instances the net effect of carry- 
ing out this process is to secure a result indicative of the general direc- 
tion of change shown in the detail. In this instance, however, its effect 
is to secure a direction of change directly opposite to that which 
characterizes the details of which the average is composed. 

It will be observed that the method of drawing the chart showing the 
true average for each of the years involves assigning weights to each of 
the groups equal to the proportions which the amounts constitute of 
the total for the corresponding year. That is, the amounts are re- 
duced to a common denominator by expressing them in a unit of all 
wages and salaries. Similar results to those shown in the table for the 
different years as totals, and as illustrated in Series A in the chart, may 
be secured by expressing the amounts of all wages and salaries in terms 
of proprietors’ salaries; that is, by expressing them as reciprocals of 
those shown in the table, and by weighting them in each of the years 
according to the proportions which proprietors’ salaries of each of the 
groups constitute of the total of such salaries for that year. Such a 
procedure, however, would reverse the relationships between the total 
salaries and the amounts paid to proprietors, and this, of course, is not 
desired in the presentation. 

If the results shown in the table and illustrated in the chart are sum- 
marized, it may be concluded that the explanation of the “ paradox” 
lies in the weighting assigned to the different groups in each of the years. 
Accordingly, it would be unsafe to generalize on the relative amounts of 
salaries paid to proprietors without considering the years and the size 
of the stores. The relationships between the yearly averages of all of the 
stores are functions of two variables: (a) those affecting each of the 
years for the various groups of stores, and (b) those affecting each of the 
groups for the various years. 
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ON TAYLOR’S INTERPOLATION FORMULA AS A 
LIMITING CASE OF THE INTERPOLATION 
FORMULA OF LAGRANGE 


By Rosert E. Moritz, University of Washington 


Markoff,! using as a basis a generalized conception of parabolic 
interpolation due to Hermite,” has shown that the resulting interpoling 
function includes as special cases each of the formulas 


. . . 
P(2) = 


(x—a)(x—+) 
(rx—a)(x—B) . . . 


(x— 
known as the Taylor and the Lagrange interpolation formulas re- 
spectively. It is the object of the present paper to show that Taylor’s 
formula may be derived from Lagrange’s without the mediation of a 
generalized conception of the interpolation problem. 

The problem of parabolic interpolation may be defined as that of 
finding an integral rational function of a single variable, F(z), of the 
lowest possible degree which, for n values of the argument z, shall have 
the same values as a given function f(z). The analytical expression for 
f(z) may be unknown or, if known, may be too involved or otherwise 
unsuited for purposes of computation: the n known values of f(z) may 
be the results of observation or of laborious computation. F(z) is 
called the interpolating function. Being continuous it can be used to 
find approximate values of f(z) when z is in the neighborhood of one of 
the values for which f(x) and F(z) are equal, provided that the interval 
of z is so chosen as to make the error F(z) —f(xz) negligible. 

Since F(z) is to satisfy n arbitrary conditions it must involve at least 
n arbitrary constants; its lowest possible degree is therefore n—1, 
and we may write 


} Differenzenrechnung, Leipzig (1896), Kap. 1. 
2 Sur la formule d’interpolation de Lagrange, Crelle, vol. 84 (1878), p. 70. 


€ 
i 


782 American Statistical Association 
F(z)=A+Br+C2?+ . . +Na*', 

in which the coefficients are subject to the conditions 
F(a)=A+Ba+Co?+ . . . +Na®'=f(a) 
. . . +N6""'=f(8) 


a,8, . . . ,v being the n values of x for which f(z)=F (zx). La- 
grange’s interpolation formula is the result of eliminating the n con- 
stants A, B,C, . . . WN from the preceding n—1 equations in a 
particular manner.' 

Geometrically considered, the problem of parabolic interpolation is 
equivalent to that of constructing a parabolic curve, y= F(x), of lowest 
possible order through n points on a fixed curve y=f(x). Consider the 
new function P(x)=F(x)—f(x). This function vanishes for each of 
the n abscissas a, 8, . . . , », of the fixed points, hence by Rolle’s 


theorem, 
=F'(x) —f'(z) =0, or F’(x) =f"(z), 


for at least n—1 values of zx in the interval a, 8, . 
A second application of Rolle’s theorem shows that 


—f"(x) =0, or =f"(x), 


for at least n—2 values of x in the same interval, and so on for succes- 
sive derivatives, the last equation of the series being 


for at least one value of x in the interval a,8, . . . ,». 

Let us now suppose that the n points in which F(x) and f(x) coincide 
are taken closer and closer together: the foregoing relation will con- 
tinue to hold true, but the interval of x within which the successive 
derivatives of F(x) and f(x) are equal becomes more and more restricted. 
For the limiting case in which the n points coincide, say at r=a, we 
have the relations 
relations which are obviously implied in Taylor’s formula. This 
suggests that Taylor’s formula is the limiting form of Lagrange’s 
formula for the case when the n points for which F(z) and f(x) have 
equal values approach coincidence. 


1 Enc. Math. Wissensch., vol. 1, Pt. 2, I D 3, 12. 
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Let us then consider Lagrange’s interpolation formula when the 
, v are taken at equal intervals h, 


values a, 8, 


B=ath, y=at+2h, . . . v=at(n—I1)h, 


and investigate its form as h approaches 0. If we write 


[3] . . 


Lagrange’s formula becomes 


in which w’(a) denotes the value of the derivative of w(x) when r=a. 


On substituting the values of 8B, y, . . . ,¥vin terms of h and writ- 
ing throughout z for z—a, we have, after an easy reduction, 


1 _f(ath) 
2 (n—-1)! 1n—2)! 


1 
z—(n—l1)h (n-—1)! 


F(2) 


[5] F@)=(-1 


+... +(-1 


in which 
[6] o(h) = 2(z—h)(z—2h)(z—3h) 


It remains to examine the limit which F(z) approaches as h ap- 
proaches0. For this purpose we observe that the (k+1)st term within 
(—1)* f(at+kh) 


the brackets on the right of [5] is . 
kin—k-1)! z—kh 


so that we may write 


=| (—1)! 
ki(n—k—-1)! z—kh 


lim F(x) =(—1)"— lim - lim ° 
h—-0 h—o h—0 


_,(f(at+kh) 
(—1)" 1 (—1)* 1 
7 
dh h=0 


by [6] and Bernoulli’s theorem concerning the limit of a function which 
assumes the form 0/0. 

To find the (n—1)st derivative of f(a+kh)/(z—kh) with respect to 
h we write f(a+kh)/(z—kh)=y(h) and apply Leibnitz’s theorem for 
the mth derivative of a product to (z—kh)¥(h)=f(a+kh). By taking 
m successively equal to 1, 2, , n—1 we have 


= 
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(2—kh)y'(h) —ky(h) =kf'(a+kh) 
(2—kh)y’"(h) — 2ky’(h) = kf" (a+kh) 


— (n— 1) ky" (h) = kh), 
We now multiply these equations by 
respectively and add the results. The sum is 


(2z—kh)* 


4 —kh)*-? 


z—kh.,,, 


from which, since ¥(0) =f(a) /z, 


— 
kh) 
z—kh 


)] which substituted in [7] 
h=0 


This is the value al 
gives 
[9] lim F(z) =(- ... 


n—1 (- 


1)! 


Finally, the summation which appears as a factor on right is known! 
to be equal to (—1)*"', whence on replacing z by its value r—a, we 
have Taylor’s formula 


lim F(z) =f(a)-+(2—a)f’(a) + poring, 
n—0 2! (n —1)! 


1 Chrystal, Textbook on Algebra, Chap. 27, §9, formula (4). 
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A RECORD OF INDUSTRIAL ADJUSTMENT TO THE LAST 
DEPRESSION 


A significant record of the manner in which large plants made adjustment to 
the last business depression is afforded by a series of reports which were compiled 
from the first week in January, 1921, through August, 1922, by the Employment 
Managers Group, affiliated with the Cleveland, Ohio, Chamber of Commerce. 
These reports consisted of summaries of information collected from manufactur- 
ing establishments in Cleveland concerning such items as the number of workers 
employed, the hours worked, the rate of wages, and expectations concerning in- 
crease or decrease in the number of workers and in wages. The information was 
obtained and reports were issued at weekly intervals for a period of six months, 
and at two-week intervals thereafter. The number of establishments reporting 
varied from 39, in the first week, to 53, but was most frequently 51 and was con- 
sistently so after the first report in 1922. These establishments employed about 
50,000 employees prior to the beginning of the depression. They were predom- 
jnantly in iron and steel and allied industries, although other industries were 
represented. The reports were issued only in mimeograph form, each report 
presenting information for the current week and for a base week in May, 1920. 
In the case of the number employed, a corresponding figure was also given for 
the preceding week. 

Converted into percentages of the base period these figures give the fairly 
smooth index numbers for workers employed, hours of work, production hours, 
and wage rate which are shown by the solid portions of the curves in the first two 
sections of the accompanying diagram. The record has been supplemented by 
interpolating figures to fill the gap between the base period, May, 1920, which 
was at or near the top of the industrial cycle, and the first figures recorded for 
each item. In the case of the number employed, the interpolation is made di- 
rectly from data for a similar group of industries from other employment records. 
The supplied portions of the curves are indicated by broken lines. 

Other evidence indicates that the order in which adjustment to the depression 
was made was: reduction in workers, reduction in hours, reduction in wages; and 
the position at which the recorded portions of these curves begin suggests that 
this was the order followed by these plants. These records show that the amount 
of reduction was least in hours of work, more in wages, and most in number em- 
ployed; and that the reduction terminated first in hours of work, next in number 
employed, and last in wages. 

The average weekly hours of work for these factories had been reduced 23 
per cent at the beginning of 1921.1. They remain at about this level for six 
months, after which the curve turns up. The number employed was reduced 
35 per cent at the beginning of 1921. It continued to decline steadily until 
July, when a further drastic reduction occurred, at least part of which was due 

1 Both the hours of work and the wage quotations were given in detail for each establishment furnish- 
ing this information. The number of establishments reporting hours was frequently smaller, and the 
number reporting the wage rate consistently smaller, than the tota! number reporting each week. In 


the case of both hours of work and wage quotations, figures were given for each establishment for the 
current and for the base week. The average hours of work for May, 1920, was between 51 and 52 hours. 


. 
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to temporary closing. During the last half of 1921 the reduction in employees 
was close to 60 per cent. The curve turns sharply up in January, 1922, six 
months after the turn in hours of work. 

Production hours, or the aggregate hours worked by employees, were reported 
from the beginning of March, 1921, as a single figure showing per cent of reduc- 
tion. These figures correspond closely with those obtained by multiplying the 
hours worked per week by the number of employees. The curve of production 
hours is a truer measure of employment than the more common employment 
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InpEx NuMBERS FOR EMPLOYMENT, WaGES, AND Cost oF LivinG, ror CLEVELAND 
May, 1920=100 
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curve, which measures only the number employed; but it is important to note 
that while it shows greater reduction, the significant turns in this curve are iden- 
tical with those in the curve for number employed. 


The wage curve is that of “the hiring rate for common labor.” This is not a 
desirable measure of wages in general, although the curve undoubtedly reflects 
the policy adopted in respect to adjustment in wages. In fact, cuts in common 
labor rates were probably accompanied by somewhat similar cuts in other wage 
rates,! and although the hiring rate probably began to fall somewhat before the 
average rate it is significant to note that the average hiring wage for these fac- 
tories coincides from the middle of 1921 on with the average rate paid common 
labor in the New York Federal Reserve District as recorded by the index number 
of the New York Federal Reserve Bank. Considered in connection with the 
enormous reduction which took place in the number employed the hiring rate 
takes on particular significance. Reduction in the hiring rate was gradual. It 
continued for some twenty months and was not arrested until four months after 


1 The summaries of the answers to the three questions, ‘‘ Do you intend to reduce wages," “ Have you 
reduced day wages,” “‘ Have you reduced piece wages,” furnish evidence of this. 
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the rapid increase in employees had begun. At the low point of the curve it 
amounted to 35 per cent of the May, 1920, rate. 

The cost of living curve in the third section of the diagram is the Bureau of 
Labor Statistics index for Cleveland converted to a monthly index on the basis 
of fluctuation in food prices. Living costs fell closely with the hiring rate of 
wages, but fell further. The second curve in this portion of the diagram rep- 
resents an attempt to furnish another significant comparison between the cost 
of living and the wage trend. Wage rates are but one factor in measuring wages. 
Average earnings are significant only for the number employed. The wage 
income, or gross wage, which is the wage rate times production hours, measures 
the buying power of the labor force. The curve here shown is computed from 
the common labor rate, but it probably represents fairly accurately what hap- 
pened to the total wage income of at least the unskilled portion of the labor force 
of more than 50,000 persons in these factories. The enormous drop in this curve, 
between 75 and 80 per cent from the high wage point in early 1920, and the large 
gap between this curve and the curve of cost of living suggest the explanation of 
the so-called buyers’ strike. 

The following table presents figures corresponding to the portions of the curves 
in the diagram which are taken from the reports. These, however, are monthly 
figures representing the average of the quotations in each month, whereas the 
curves themselves give the full record. For the cost of living the table includes 
figures only for the months for which the Bureau of Labor Statistics index num- 
bers are available. 


INDEX NUMBERS OF FACTORY EMPLOYMENT, WAGES, AND COST OF 
LIVING, IN CIEVELAND 


Month Hours of Number of | Production | Hiring wage Cost of 
on work employees ours commonlabor living 


t June, 1920 


| | | | | 
1920 
100 100 100 100 100! 
1921 
ian 76 56 40 82 73 
75 55 40 81 
September................. 76 43 31 73 68 ‘a 
78 41 31 72 “a 
November................. 81 42 31 72 
December... 80 40 30 71 65 
1922 | 
February. 84 46 33 68 
86 48 38 67 57 
89 52 41 66 
93 60 49 66 57 
92 62 55 67 
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It is to be regretted that these records were not continued beyond the point 
at which business recovery was assured. That they were dropped at this point 
is further evidence of the well appreciated fact that interest in the causes of de- 
pression and unemployment persist only while these conditions remain. To the 
employment managers group which collected them these figures were presumably 
of most significance during the period of rapid decline in business, but the full 
detail of such records covering all stages of the cycle are of importance to the 
community in general. The federal government and five states in the United 
States are now furnishing indexes of the number of persons employed, but the 
data that are not available for the other important factors, hours of work and 
wages, are almost equally needed. 
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Russell Sage Foundation 


PROGRESS OF WORK IN THE CENSUS BUREAU 
PUBLICATION OF FOURTEENTH CENSUS REPORTS 


Since July 1, 1922, the responsibility for progress in the publication of the 
Fourteenth Census Reports has rested mainly with the Public Printer. At that 
date all copy was in his hands, and since then the Bureau of the Census has been 
responsible only for the prompt reading and return of the proof. 

Of eleven quarto volumes constituting the final reports, seven have now been 
issued. These include: Volume I, Number and Distribution of Inhabitants; Vol- 
ume III, Composition and Characteristics of the Population by States; Volume VI, 
Agriculture Reports for States, Part 1, Northern States, Part 2, Southern States, 
Part 3, Western States and Outlying Possessions; Volume VII, Irrigation and 
Drainage; Volume IX, Manufactures, Reports by States; Volume X, Manufactures, 
Reports for Selected Industries; Volume XI, Mines and Quarries. 

The editions of Volumes I and III and Parts 1 and 2 of Volume VI printed for 
distribution by the Bureau are already exhausted; but a reprint of Volume III 
has been ordered and copies of Volume I and of Part 2 of Volume VI may be pur- 
chased from the Superintendent of Documents, Government Printing Office. 

Volume II, which presents the population statistics by subjects, has all been 
printed and is available in chapter reprints as follows: 


Chapter 1. Color or race, nativity and parentage 

Sex distribution 
Age distribution 
Marital condition 
State of birth of the native population 
Country of birth of the foreign-born population 
Year of immigration of the foreign-born population 
Citizenship of the foreign-born population 
Country of origin of the foreign white stock 
Mother tongue of the foreign white stock 
School attendance 
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Chapter 12. Illiteracy 
“ 13. Inability to speak English 
« 14. Dwellings and families 
“ 15. Ownership of homes 
“16. General statistics of population by counties 
A similar situation exists as regards Volume V, which presents the statistics of 
agriculture by subjects. Although the volume has not yet appeared, it has all 
been printed and the following chapter reprints are available: 


Chapter 1. Farms and farm property 
“ 2. Size of farms 
“ 3. Farm tenure 
“ 4. Farm statistics by color and tenure of farmer 
. 5. Farm statistics by race, nativity, and sex of farmer 
° 6. Farm operators by age, number of years on farm, and farm 
experience 
7. Farm mortgages 
“ 8. Selected farm expenses, codperation, and farm facilities 
“ 9. Live-stock on farms and elsewhere 
“10. Live-stock products 
“11. Summary for all crops 
“12. Individual crops 
“13. Forest products of farms, and nurseries and greenhouses 
“14. Farm population 
Volume VIII, presenting the statistics of manufactures by subjects, is all in 
page proof, but none of it has been printed as yet. The Abstract of the Census of 
Manufactures, an octavo volume of 750 pages, has been released for printing. 
The occupation report, Volume IV, is all in page proof and partly plated. 
The Abstract of the Fourteenth Census, an octavo volume of 1,300 pages, is in 
page proof and two sections have been plated. 


CENSUS OF WEALTH, DEBT, AND TAXATION 

The Bureau is now collecting data for the decennial report on wealth, public 
debt, and taxation. This covers public debt, assessed valuation, tax levies, and 
revenues of the nation, states, counties, cities, and all other political subdivi- 
sions, including townships, and school, sanitary, or drainage districts. It covers 
also the public expenditures of states and of all cities having a population of 
30,000. It was considered inadvisable to compile statistics of public expendi- 
tures for the smaller cities and minor political divisions. The aggregate expendi- 
tures in these places will correspond roughly to the aggregate revenues, which, as 
just stated, will be shown for all subdivisions; and although the classification of 
expenditures by purpose or object possesses some interest, it was not believed to 
be of sufficient importance in the case of these small political units to justify the 
very material increase of expense which would result from undertaking to secure 
this information. It may be noted that while the scope of the inquiry with re- 
gard to expenditures has thus been curtailed somewhat as compared with 1912, 


. 
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when it covered all cities of over 2,500, its seope with regard to revenues has 
been extended to cover all smaller cities and minor civil divisions. 

In connection with this general inquiry the Bureau of the Census is required to 
make an estimate of the national wealth. This is a difficult undertaking and 
the results at best are far from satisfactory. The matter is receiving very care- 
ful consideration, however, and the Bureau is seeking to obtain the best available 
advice regarding methods of estimating. The value to be placed upon the rail- 
roads in the country in particular has been the subject of much discussion, es- 
pecially as to the advisability of undertaking to ascertain the market value of the 
railroad securities on a given date as a basis for the estimate. It was finally de- 
cided, however, after consultation with the Advisory Committee, to accept the 
inventory value of railroads as given in the reports of the Interstate Commerce 
Commission, which was the basis used at the previous census, 1912. It was also 
the opinion of the Advisory Committee that in order to maintain the compar- 
ability of the figures it was advisable in general to follow the same methods of 
estimating that were applied in 1912. 


CENSUS OF INSTITUTIONS AND INSTITUTIONAL CLASSES 


The taking of the census of defective, dependent, and delinquent classes in 
institutions is now in progress; the work covering some portions of the field is 
approaching completion, and the tabulation has been started. In the case of the 


insane, feeble-minded, and paupers the period covered is the year 1922; in the 
case of prisoners, the census covers the first six months of the current year. The 
reason for this difference in the period covered arises from the fact that in the 
one case it was found that the usual institutional records would furnish the req- 
uisite data, while in the other case, that of prisoners, it was believed that the 
data could not be obtained completely unless the institution officials knew in 
advance the questions that would be asked so as to be able to supplement the 
usual records by information obtained by inquiry of each prisoner present or 
received during the period. In the case of commitments to state prisons the 
schedule, which is much more elaborate than in any previous census, was 
adopted upon the recommendation of the officials of the American Institute of 
Criminal Law and Criminology and the American Prison Association. In addi- 
tion to the usual questions as to sex, age, offense, sentence, race, and nativity of 
the prisoner, this schedule includes questions as to the degree of education, length 
of residence in the county in which the crime was committed, prior occupation, 
whether employed at time of commission of the crime, weekly earnings, family 
relations, whether previously committed to any institution, age at which prisoner 
ceased to live with parents, and some other similar questions. The other sched- 
ules, including those for jail and workhouse commitments, are much simpler. 
The census of benevolent institutions is also in process of being taken. This 
covers institutions and societies for the care of children, homes for adults, or 
adults and children, hospitals, and dispensaries. In planning that part of this 
census which relates to institutions and societies for children, the Bureau has had 
the advice and codperation of Miss Georgia M. Ralph, formerly of the Russell 
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Sage Foundation. The enumeration covers homes for children, child-caring 
agencies, day nurseries, and humane societies. 

It may be of interest to note that 46 different schedules had to be used in order 
to secure the information required for this census of institutions and institutional 
classes. 

FIELD WORK 

The Bureau has at the present time about 140 employees in the field who have 
visited or will visit every county in the United States for the purpose of collecting 
data needed for the census of institutions and institutional classes; of wealth, 
debt, and taxation; of marriage and divorce; and of electrical industries. Al- 
though as much information as possible is obtained by correspondence or from 
available official reports, nevertheless a large part of the data has to be collected 
by the field foree, which will probably be continuously employed on this service 


for a period of six months or more. 
J. A. H. 


THE EMPLOYMENT STATISTICS OF THE UNITED STATES 
EMPLOYMENT SERVICE 


The discussion by Mr. Ralph G. Hurlin in the December, 1922, issue of this 
JOURNAL concerning the Employment Statistics of the United States Employ- 
ment Service leaves out of consideration what, to one engaged in the collection of 
employment data, seems one of the most important aspects. This is the question 
of whether any economy of time effected by the Employment Service or any 
other advantage of its statistics is sufficient to justify duplication of work in the 
collection and tabulation of reports and duplication on the part of employers in 
furnishing the reports. If this duplication is justified, one can well agree with 
Mr. Hurlin that the results should by all means be made available for public use. 

Taking up Mr. Hurlin’s conclusions in regard to the Employment Service 
figures, there are a few statements to which exception may be taken. 

First, as to economy of time, do the Employment Service figures prove that 
satisfactory employment data can be made available within a few days of their 
collection? The few report forms that have happened to come to the writer’s 
attention were dated about the twentieth of the month and requested the latest 
available record of the number of workers employed. The dates covered by 
such reports would in all probability be little if any later than the reports secured 
by the New York Department of Labor, which cover the week including the 
fifteenth of the month and sometimes run as late as the twenty-first or even later 
in the case of two-week pay rolls. The complete reports published by the Em- 
ployment Service were issued considerably earlier than the final reports of the 
State Department of Labor, due very largely to the inclusion of the latter with a 
variety of other material in the Industrial Bulletin. However, the first pub- 
lished reports, the press articles, do not show any material saving of time by the 
Employment Service. Their press statements appeared around the tenth of the 
month, while the New York press statements are issued from the twelfth to the 
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fifteenth of the month following the date of the reports. The saving of time 
accomplished by the Employment Service in this case is apparently only a few 
days. 

Mr. Hurlin’s second conclusion, that the use of non-statistically trained agents 
is not necessarily a reflection upon the character of the figures, may be readily 
agreed with. The exercise of a little discretion in collecting the reports, such as 
securing the explanation for notable changes over previous reports, and ordinary 
conscientiousness are the chief requisites. A more important consideration js 
the use of statistically trained persons for the preparation of the reports for pub- 
lication. Rather obvious errors and the lack of a uniform standard of accuracy 
were apparent in the published reports of the Employment Service. These lead 
naturally to questions as to the degree of care used in the preliminary work of 
tabulating the returns. The case of the Ford Motor Company report cited by 
Mr. Hurlin is a good illustration of the possibility of using better judgment in the 
matter of tabulating returns. It would appear that some reports were tabulated 
that probably were not representative even of conditions in the plants from which 
they were issued. 

It might well be pointed out, further, that the indications of the large-estab- 
lishment and large-city index are not very satisfactory when applied to smaller 
geographic divisions than the country as a whole. A comparison of the Employ- 
ment Service data with those of the New York State Department of Labor shows 
that for this state the figures for particular industries show widely different re- 
sults. In genera!, the fluctuations of the large-establishment, large-city figures 
are much more extreme than the fluctuations of the figures that include a large 
number of smaller establishments and represent small as well as large communi- 
ties. 

An example of the effect of including only large establishments appears in 
“Textiles and Their Products.” Here the course of the Employment Service 
figures for New York State is not even approximately similar to that of the State 
Department of Labor figures. The inclusion only of establishments employing 
500 or more workers under good business conditions results in the entire exclusion 
of the large industry producing women’s apparel and the exclusion of a substan- 
tial part of the other clothing industries, especially those of New York City. 

A rather extreme example of the effect of including only the large industrial 
centers appears in “Leather and Its Finished Products.” In this group the 
Employment Service figures for New York State show a reduction of one third in 
the number of workers employed from March to April, 1922. No doubt this was 
due to the strike in the Rochester shoe industry. A very important part of the 
shoe industry of the state and the major part of the tanning and leather glove 
industries are located outside of the chief cities. Consequently, the State De- 
partment of Labor figures, which include all branches of these industries and all 
localities, show a relatively small reduction in this group because of the Rochester 
strike. The exclusion of the smaller establishments is also a factor in this case, 
as it results in the omission of a large part of the industries that would naturally 
be included under this head—the traveling bag and suit case, hand bag, leather 
belt, leather glove, leather novelty, and other smaller industries. 
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It is not the intention of the writer to contend that any figures for New York 
State that do not agree with those of the State Department of Labor are neces- 
sarily wrong, but it seems fair to assume that figures which cover a wider and 
larger representation will come nearer to an accurate representation of the whole 
than figures with a smaller and narrower coverage. 

To return to the original proposition of this discussion, do the Employment 
Service statistics present sufficient advantages over those of the states in which 
similar data are collected and over those of the United States Bureau of Labor 
Statistics to warrant the duplication of reports? If not, there is little excuse for 
the continued coliection of reports by the Employment Service. The chief ob- 
jection to this work has not been met by discontinuing the tables in the monthly 
publication. 

The call upon industrial concerns for an increasing number of reports very 
naturally results in irritation when it is evident that practically the same informa- 
tion is being called for by two or more organizations, sometimes more than one in 
the same governmental department. This is a definite instance that should be 


either justified or corrected. 
Haroip V. 


CORRESPONDENCE 


To The Editor of the Journal of the American Statistical Association: 

Sir: The article by Dr. W. L. Crum on “The Use of the Median in Determining 
Seasonal Variation”! purports to offer an illustration of an application of a cer- 
tain type of frequency curves originally developed (in 1871) by the late Danish 
actuary, J. P. Gram, and of later years employed by the Swedish astronomer, 
C. V. L. Charlier. 

For the past ten years I have here in America discussed in and out of season 
the practical application of this curve type and the related Poisson-Charlier fre- 
quency curves. The recent illustration by Dr. Crum wherein he employs the 
methods of moments is, however, not wholly justified because of the fact that 
his sample (N =324 individual observations) is altogether too small to eliminate 
random sampling. I have discussed this phase on page 217 of the 1922 edition 
of The Mathematical Theory of Probabilities (New York, Macmillan Co.), where 
both Thiele and Charlier are quoted against the use of moments or semi-invari- 
ants of higher order than the second whenever the sample is less than 1,000 in- 
dividual observations. Charlier himself, in one of his Swedish monographs, 
states that “it is, however, a fact, well known to statisticians, that, even in the 
most careful set of observations, spurious deviations amounting to three times 
the dispersion or more very often occur. Evidently the resulting value of the 
higher moments must be considered as illusory.” ? 


1This JournaL, March 1923. 
* Charlier in one of his papers gives a small table for the mean errors of the skewness and the excess, 


based upon the formulas = 
€(S)=1.2247: VN; €(E)=0.6124VN. 


But this table is based upon the specific assumption that the frequency curve shows only an insignificant de- 
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A mere glance at Dr. Crum’s observation data reveals the fact that we are 
dealing with a curve of marked skewness in negative direction where the most 
probable value (the mode) is situated to the left of the mean. Since the 
median is situated between the most probable value and the mean it is self. 
evident that the deviations of the individual observations from the median 
will generate a frequency curve with a marked positive excess. This fact 
could, however, be seen from simple a priori considerations, without resorting 
to the tedious and lengthy arithmetic as required in Dr. Crum’s analysis. 

Dr. Crum would, in my opinion, have obtained more plausible results if he 
had employed a logarithmic transformation, and a rigorous solution would re- 
quire an application of the theory of infinite or Fredholmean determinants. 

Personally I do not think that the arbitrary choice by Professor Persons of the 
median as the most probable value of a series of observations is a happy one. In 
actuarial science the use of the median (or as it is usually called, the vie probable) 
is universally condemned by all leading writers, right from de Moivre in his de 
Mensura Sortis (1711) to Westergaard in his 1903 edition of Mortality and 
Morbidity. 

During the past two years I have had occasion to make some forecasts of the 
weekly revenues of a large public utility corporation. These forecasts were made 
six months in advance for 26 separate weeks and required therefore a very care- 
ful study of the recurring seasonal variations by individual weeks. The method 
of forecasting which I used was based upon the Bayes-Laplacean rule of a pos- 
teriort probabilities, together with certain theorems from the theory of infinite 
determinants. In addition to this method I made an independent and separate 
forecast by means of the link relatives and the related methods employed by the 
Harvard Bureau of Economic Research. The greatest deviation between fore- 
casted and observed revenue, on the basis of Laplace’s theory, occurred in the 
week ending December 8, 1922, when the forecast was 5 per cent too high. The 
method of link relatives, on the other hand, resulted at times in deviations which 
were in excess of 15 per cent and which never fell below 1 per cent. 

The accumulated percentage deviations for the year 1922 on the basis of the 
proposed method was 0.36 per cent, or less than four-tenths of 1 per cent. The 
Harvard method resulted in an accumulated percentage deviation of 9.6 per cent, 
or nearly 10 per cent of a total annual income of more than $50,000,000. 

Unless I am greatly mistaken, such large deviations between forecasts and 
subsequent observations have their source in the somewhat arbitrary choice of 
the median as the best a priori value of a series of observations. Another fact 
worthy of mention in this connection is that we as a rule will find that none of the 


viation from the Laplacean probability curve, which evidently is not the case in Dr. Crum’s example. An- 
other point overlooked by Dr. Crum is the fact that unless the numerical value of the excess is a very 
small quantity, it is not permissible (as pointed out by Jorgensen and Edgeworth and also by Charlier in 
Arkif for Matematik och Fysik, Band 5, No. 15, page 16) to stop at the fourth term of the series. The 
coefficient of the sixth term of the series is namely of the same order as the excess and must therefore be 
included if we, like Dr. Crum, use the method of moments. . When using least squares it is not necessary 
to take such precautions, because in this latter case the coefficients are determined directly from the ob- 
servations themselves, and not from the moments of the observations (i. e., from a function of the 


observations). 
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founders of mathematical statistics from the time of Bernoulli to our present 
time has advocated the use of the median to any great extent. Its use is related 
to the so-called probable error, which according to Charlier could without detri- 
ment be left out altogether in statistical analysis. What we actually need is the 
most probable or maximum value (the mode) of the statistical variate, and in my 
opinion the Bayes-Laplacean theory with its recent extensions offers as yet the 
best means for the solution of this problem. 
I remain, dear Sir, 
Very truly yours, 


MISCELLANEOUS NOTES 
MARCUS RUBIN 


The well-known Danish statistician, Marcus Rubin, died after a long illness on 
March 6, 1923, at the age of sixty-nine. Twice during his life Mr. Rubin was 
asked to organize statistical institutions. As a young man he received an ap- 
pointment under the Magistrate of Copenhagen with the view of establishing a 
municipal statistical office, and in mature years he reorganized the Statistical 
Bureau of Denmark. In both positions he rendered brilliant service. After 
having held a position as Chief of the Department of Taxes and Duties he was in 
1913 chosen one of the directors of the Danish National Bank, which position he 
held until his death. 

Mr. Rubin’s chief interest was history. He wrote two volumes on the history 
of Copenhagen, 1807-39, giving a vivid picture of the economic evolution of 
Copenhagen (or rather of the whole country), based on profound archival studies. 
He also made careful researches concerning the history of population in Copen- 
hagen, 1630-1730, with the number of births as point of departure. 

In codperation with me he published two purely statistical investigations, one 
on the mortality of the rural population (1886) and the other on the statistics on 
marriage (1890, published in Danish and German). The latter work gave ob- 
servations on fecundity and fertility, which were at that time new, Mr. Rubin 
having prevailed on the Magistrate of Copenhagen to introduce on the schedules 
of the Census of 1880 questions about the number of children born in the mar- 
riages. The observations enabled us to draw conclusions with regard to the 
mortality of children in large and small families. 

HaraLD WESTERGAARD 


RICHARD C. LAPPIN 


The death of Richard C. Lappin, Supervising Special Agent for the Census 
Bureau, at Jefferson City, Missouri, on March 18, marks the passing of a man 
who has been an important factor in the upbuilding of vital statistics in America. 
It was in 1890 that he first became identified with the Vital Statistics Division at 
Washington. When the staff of this Division for the Census of 1900 was organ- 
ized by the late W. A. King, Chief Statistician for Vital Statistics, Mr. Lappin 
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was invited to join it in a responsible capacity. By the time that the Census 
Bureau was made a permanent organization in 1902, his remarkable capacity for 
production and his intimate knowledge of all the details of the work made him 
the outstanding candidate for the position of Expert Chief of Division. His 
appointment followed, and he served in this capacity until 1915. He was then 
made ad interim Chief Statistician for Vital Statistics pending the appointment 
of a physician. At the expiration of this appointment he was made an Expert 
Special Agent of the Census Bureau. 

During Mr. Lappin’s long connection with the Census Bureau, he supervised, 
or was prominently identified with, many important undertakings. In 1899 he 
was in charge of the tabulation of the population of Cuba and Porto Rico, anda 
few years later held an administrative position in connection with a special census 
of Oklahoma. In connection with the Fourteenth Census the wide scope of his 
usefulness to the Census Bureau was again emphasized when the Director chose 
him as Supervisor of the Census of Hawaii, involving the collection not only of 
population statistics but of those relating to manufactures, agriculture, and 
finance. 

Mr. Lappin joined the American Statistical Association in 1908. He was also 
a member of the American Economic Association, the National Geographic 
Society, and a fellow of the American Public Health Association. In the last 
named he was at the time of his death Secretary of the Vital Statistics Section. 
Mr. Lappin was, first of all, an indefatigable worker. It was due largely to his 
thoroughgoing methods of “checking” the various processes involved in their 
compilation that the annual mortality reports of the Census Bureau became such 
marvels of accuracy. Under his supervision it was next to an impossibility fora 
mistake to creep into them. 

The real usefulness of the life work of this man is known to few outside of those 
of us who worked with him during a long period of years. As often happens, 
and especially in the government service, the full official credit which Mr. Lap- 
pin’s work merited could not always be publicly acknowledged. He died as we 
who were associated with him so long know that he would have wished to die, 
that is, while at work. He had been sent to Missouri to test the accuracy of 
death registration in that state and while there his death occurred very suddenly, 
after an illness of less than one hour. 

Mr. Lappin was of Canadian ancestry, coming of a family which migrated to 
Chicago when it was an Indian trading post. Born in that city in 1862, and 
educated there, he became identified as a young man with Marshall Field and 
Company as an accountant. He was married in 1887 to Frances McCristol, 
and is survived by her and an only child, Mrs. Bertrand Hutchinson, of Washing- 


ton, D.C. 
Grorce H. Van BurEN 


Special Meeting of the Association.—On April 18 a special dinner meeting of 
the Statistical Association was held at the University Club, Washington, D. C. 
About seventy members and guests were present, including many members from 
other cities. Interesting and informative papers regarding the statistical work 
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of the United States Government were presented, and the questions raised by 
these papers were discussed from the floor. Dr. E. A. Goldenweiser, Assistant 
Secretary of the Association, made all arrangements for the meeting and planned 
the program. Dr. E. D. Durand presided. 

Dr. G. C. Havenner, representing the Bureau of Efficiency, presented the first 
paper, “The Proposed Reorganization of the Statistical Work of the Govern- 
ment.” This plan would centralize, so far as practical, the collection, tabula- 
tion, and dissemination of all non-administrative statistics under the Bureau of 
the Census, which should thereafter be called the Bureau of Federal Statistics. 
Dr. Charles P. Neill, of the Federal Coal Commission, attacked the proposed 
plan, chiefly on the ground that statistics, in order to be of value, must be com- 
piled by experts familiar with the technique of the subject covered by the statis- 
tics as well as with statistical methods. Dr. J. A. Hill, Assistant Director, 
Bureau of the Census, read a paper recommending the organization of a central 
statistical commission, to consist of twelve members, six from government 
bureaus and six representing outside statistical interests. The commission is 
to meet periodically, and a full-time secretary and staff are to handle the 
routine duties. Briefly, the functions of this commission, which would act 
largely in an advisory capacity, would be to codrdinate the various statistical 
operations of the government, to make recommendations as to the avoidance 
of duplication, the dropping of certain statistics considered valueless, and the 
compilation of any new data which may be needed, to publish the Statistical 
Abstract, and to act as a clearing house for all government statistics. 

Many of the questions raised by the papers were well considered from all angles 
during the general discussion which followed. The desirability of some revision 
of the present statistical organization of the government was generally recog- 
nized, although there was no definite agreement as to the form this reorganization 
should take. The final consensus of opinion was expressed in the form of a reso- 
lution to be submitted to the Executive Committee of the American Statistical 
Association. This resolution recommends that a committee be appointed, as 
soon as possible, to investigate the question of reorganization of the statistical 
work of the government, and to report at the next annual meeting of the Associ- 
ation as to the advisability of further action on the part of the Association. 


The Next Annual Meeting of the Association.—At a meeting on April 10 the 
Board of Directors decided to hold the Eighty-fifth Annual Meeting of the As- 
sociation at Washington, D. C., December 27-29. The President of the Associ- 
ation, as chairman of the Program Committee, has decided, after consultation 
with various members of the Association, to try out the plan of having a general 
subject for discussion which will be wide in scope and which may be subdivided 
into topics appealing to a large variety of interests. 

PRELIMINARY PROGRAM FOR THE EIGHTY-FIFTH ANNUAL 
MEETING OF THE AMERICAN STATISTICAL ASSOCIATION, 
WASHINGTON, D. C., DECEMBER 27-29, 1923 

_ The papers and discussions of the Eighty-fifth Annual Meeting of the Amer- 

lean Statistical Association will be devoted to various phases of the following 

general subject: 
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_ THE STATISTICAL BASIS FOR ANALYZING THE CURRENT ECONOMIC SITUATION 
WITH THE OBJECT OF MAKING FORECASTS OF BUSINESS CONDITIONS IN GENERAL 
AND FOR THE GREAT GROUPS OF ECONOMIC ACTIVITIES IN THE UNITED STATEs, 


In the discussion of this general subject it is the intention to consider (a) the 
available pertinent data, (b) gaps in the data and how they may be filled, (c) 
timeliness of data for forecasting, (d) nature, degree, and significance of the fluc. 
tuations in each field, (e) relations among the fluctuations in each field, other 
fields, and business in general, and (f) forecasts for each group of economic 
activities and for general business in 1924-25. 

The general subject has been subdivided and a committee appointed to arrange 
the program for each subdivision. The members of the various sub-committees 
are urgently requested to participate, by paper or discussion, in the programs ar- 
ranged. Each sub-committee is expected to use its own judgment in planning 
one or more long papers, several short papers, round table discussions, or a com- 
bination of these. 

The Program Committee Appeals to the Membership of the Association to aid 
in making the program of the Eighty-fifth Annual Meeting a success. Informa- 
tion concerning investigations which might be utilized in the program and the 
names of possible contributors are especially desired. Communications should 
be addressed to the Chairman of the Committee in the appropriate field. 


First Session. Thursday, Dec. 27,11a.m. THE OUTLOOK FoR 1924-25 IN THE 
UNITED STATES AND ABROAD 
Committee on the Outlook in the United States: 
F. E. Richter, Chairman, American Telephone and Telegraph Company, 
195 Broadway, New York City 
W. C. Mitchell, Columbia University, New York City 
S. O. Martin, Sonora Phonograph Co., 279 Broadway, New York City 
Committee on the Outlook Abroad: 
E. D. Durand, Chairman, Bureau of Foreign and Domestic Commerce, 
Washington, D. C. 
J. S. Davis, Food Research Institute, Stanford University, California 
E. A. Goldenweiser, Federal Reserve Board, Washington, D. C. 


Second Session. Thursday, Dec. 27,3 p.m. TRADE AND TRANSPORTATION 
Committee on Trade: 
W. I. King, Chairman, National Bureau of Economic Research, 474 West 
24th Street, New York City 
W. R. Burgess, Federal Reserve Bank, 15 Nassau Street, New York City 
L. H. Haney, Bureau of Business Research, New York University, % 
Trinity Place, New York City 
Committee on Transportation: 
M. O. Lorenz, Chairman, Interstate Commerce Commission, Washington, 
D.C. 
J. H. Parmelee, Bureau of Railway Economics, 429 Homer Building, 
Washington, D. C. 
H. B. Vanderblue, Harvard University, Cambridge, Mass. 
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Third Session. Thursday, Dec. 27,8 p.m. JOINT MEETING WITH THE AMERICAN 
ECONOMIC ASSOCIATION AND THE AMERICAN SOCIOLOGICAL SOCIETY—PRESI- 
DENTS’ ADDRESSES 


Fourth Session. Friday, Dec. 28, 10 a. m. MANUFACTURE 
Committee: 
E. E. Day, Chairman, University of Michigan, Ann Arbor, Mich. 
F. L. Hayford, General Motors Corporation, 224 West 57th Street, New 
York City 
G. P. Watkins, Federal Trade Commission, Washington, D. C. 
L. D. H. Weld, Swift & Co., Chicago, Ill. 


Fifth Session. Friday, Dec. 28, 2 p.m. BUILDING AND MINING 
Committee on Building: 
J. M. Gries, Chairman, Division of Building and Housing, Department of 
Commerce, Washington, D. C. 
Wilson Compton, National Lumber Manufacturing Association, 721 South- 
ern Building, Washington, D.C. 
Leo Wolman, New School for Social Research, 465 West 23rd Street, New 
York City 
Committee on Mining: 
F. G. Tryon, Chairman, U. 8. Geological Survey, Division of Mineral Re- 
sources, Washington, D. C. 
J. E. Pogue, 42 West 12th Street, New York City 
D. L. Wing, 26 Jackson Place, N. W., Washington, D. C. 


Sixth Session. Friday, Dec. 28,8 p.m. AGRICULTURE 
Committee: 
G. F. Warren, Chairman, Cornell University, Ithaca, N. Y. 
W. A. Schoenfeld, Bureau of Agricultural Economics, Department of 
Agriculture, Washington, D. C. 
H. W. Moorhouse, American Farm Bureau Federation, Chicago, Ill. 


Seventh Session. Saturday, Dec. 29,10 a.m. BANKING, CREDIT, AND INVEST- 
MENT 
Committee: 
A. A. Young, Chairman, Harvard University, Cambridge, Mass. 
W. W. Stewart, Federal Reserve Board, Washington, D. C. 
L. P. Ayres, The Clevela nd Trust Company, Cleveland, Ohio 
G. E. Roberts, National City Bank, New York City 


How Can We Double Our Membership?— Just one new member secured by 
each of us will accomplish this result. Let us extend the influence and resources 
of our Association. Mr. Edwin W. Kopf, Chairman of the Membership Com- 
mittee, is requesting members of the Association in various parts of the United 
States and in Canada to act as regional vice-chairman in organizing an active 
campaign. Professors W. L. C um, Yale University; James A. Field, Univer- 
sity of Chicago; Truman L. Kelley, Stanford University; and Mr. R. H. Coats, 
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Dominion Statistician of Canada, have consented to assist in this work. It ig 
expected that others also will assist. Will you as a member volunteer to lend g 
hand by securing one new member? 

A Federal Population Census in 1925?—Will a population census be taken at 
the quinquennial period for the first time by the Federal Government? The 
Board of the Statistical Association, at its meeting on April 10, approved such a 
census on the ground that the last census was taken at the end of a period of ab- 
normal conditions and that therefore a new census is needed in 1925 for sound 
conclusions as to population changes, and for practical purposes of business, 
social, and economic organizations. The matter was referred to the Joint Ad- 
visory Committee on the Census, of which Mr. W. S. Rossiter is chairman, and 
on which three members of the Economic Association and an equal number from 
our Association are now serving. Short-period censuses for manufactures have 
already been established as a regular routine. An agricultural census will prob- 
ably be taken in 1925. What shall be done about population enumeration? 


Labor Statistic Committee.—Dr. Royal Meeker, now Commissioner of Labor 
and Industry of the State of Pennsylvania, and Mr. W. Randolph Burgess, of 
the Federal Reserve Bank of New York, have been added to the Association’s 
Committee on Governmental Labor Statistics, which last year served as the 
Committee on the Measurement of Employment. 

A two days’ session of this committee, attended by thirteen of its seventeen 
members, was held in New York on April 13 and 14. Plans were made at this 
time for the publication of a formal report in monograph form covering the com- 
mittee’s work and recommendations on the subject of employment statistics, 
and work was begun under the enlarged scope of the committee. The subject 
upon which attention will be centered during the present year is wage statistics. 
Mr. Ralph G. Hurlin, of the Russell Sage Foundation, was elected secretary of 
the committee. 


Future Population of the New York Region.—Professors Raymond Pearl and 
Lowell J. Reed, of the Johns Hopkins School of Hygiene and Public Health, 
present estimates of the growth of the total population, and of certain elements 
of the population, of New York City and the surrounding region in a report pre- 
pared for and just published by the Committee on the Plan of New York and 
Its Environs. These estimates are obtained by the application of the population 
law recently developed by Dr. Pearl and Dr. Reed and described by them in 
various publications. This law describes the growth of population as proceeding 
at a regularly accelerating rate to a maximum rate, and thereafter at a regularly 
decreasing rate until a static condition is reached. The authors find that the 
New York area is now near the middle of its period of growth. They predict 
that the period of very rapid growth will have been completed before the end of 
the present century, and that, barring the introduction of a new cultural epoch, 
an approximately static condition will be reached by the year 2100. The ultimate 
population for the total area of about 5,500 square miles which the Committee 
on the Plan of New York includes in the New York Region is placed at 34,900,- 
000. This area in 1920 contained 8,979,000 persons. 
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The following figures indicate the course of the estimates made for New York 
City and for the total area: 


New York City as 
now constit' 


i 15,385,000 34,900,000 


Meeting of the International St: tistical Institute.—A decision has just been 
made to revive the biennial meetings of the International Statistical Institute. 
The last meeting was held at Vienna ten years ago, at which time the Institute 
adjourned to meet at Brussels in 1915. That postponed meeting will be held in 
the first week of October, 1923. M. Sauveur has been made chairman of the 
Belgian Committee on Arrangements. The immediate cause for the meeting is 
to secure full and more comparable statistical information about the economic 
conditions in the several European countries. The program for that part of the 
session is being arranged by a committee of twelve, six from the Institute and 
six from the Economic and Financial Section of the League of Nations. Pre- 
liminary memoranda about various statistical topics are being prepared by the 
European experts and will be sent for comment to various scholars outside of 
Europe. These comments, together with the memoranda, will probably be 
printed and circulated in advance of the meeting. 


Dr. H. H. Laughlin, as expert for the Committee on Immigration and Natu- 
ralization of the United States House of Representatives, has been compiling 
statistics concerning the nationality of inmates of different state institutions for 
the socially inadequate. He first compiled from the census the proportion of the 
population born, or whose parents were born, in a particular European country. 
He then compares with this the proportion of that nationality in each class of 
inmates to all inmates of that class. These statistics bring out the fact that cer- 
tain nationalities exceed their quota many times in certain groups of defectives 
whereas other nationalities are, correspondingly, represented by far fewer than 
their quota. 

These data were submitted to the Committee of the House of Representatives, 
and have been published in “Hearings Before the Committee on Immigration 
and Naturalization.” 


The Russell Sage Foundation has published a report by Professor James H. 
Tufts, of Chicago University, on the status of training for social work in this 
country, entitled Education and Training for Social Work. An appendix to the 
report contains statistics of salaries of social workers and of enrollment in schools 
of social work in the United States and Canada. 
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Professor Maurice Parmelee, who has been making economic investigations in 
Europe for the Department of State since 1920, resigned his position as United 
States Economist Consul at Berlin and has returned to America. He has com. 
pleted a book entitled, Blockade and Sea Power, which will be published in the 
near future. 


COMMITTEES AND APPOINTMENTS FOR 1923 
Associate Editors: 
8. L. Andrew, E. E. Day, L. I. Dublin, W. C. Mitchell, Leo Wolman 


Assistant Secretaries: 
James A. Field, Chicago, Ill., E. A. Goldenweiser, Washington, D. C., Martin 
J. Shugrue, Cambridge, Mass. 


Committee on Finance: 
Carl Snyder, Chairman, Henry A. E. Chandler, R. E. Chaddock 


Joint Advisory Committee on the Census: 
W. S. Rossiter, Chairman, term of three years; C. W. Doten, two years; T. §, 
Adams, one year 
Committee on Government Labor Statistics, with especial reference to Employment 
and Wages: 
Mary Van Kleeck, Chairman, A. J. Altmeyer, C. E. Baldwin, J. A. Becker, W. A. 
Berridge, W. R. Burgess, R. D. Cahn, F. E. Croxton, R. G. Hurlin, D. D. 


Lescohier, M. O. Lorenz, Royal Meeker, E. B. Patton, R. F. Phelps, W. W. 
Stewart, F. G. Tryon, Leo Wolman 


Committee on Institutional Statistics: 
Horatio M. Pollock, Chairman, Edith Abbott, Kate H. Claghorn, Edith M. 
Furbush, J. A. Hill, R. M. Woodbury 


Committees on Business Statistics: 
(a) Internal Business Statistics: S. L. Andrew, Chairman 
(b) Marketing and Distribution Statistics: A. H. Melville, Chairman 
(c) Graphic Statistics: A. R. Burnet, Chairman 


Committee on Membership: 

Edwin W. Kopf, Chairman. The Chairman, together with the Secretary of the 
Association, was authorized to appoint regional vice-chairmen on member- 
ship. In accordance with this authority the following appointments have 
been made and accepted: R. H. Coats, Dominion Statistician, Canada; W. L. 
Crum, Yale University; James A. Field, University of Chicago; Truman L. 
Kelley, Stanford University 


Committee on Fellows: 
Carroll W. Doten, Chairman, term expires 1923; Leonard P. Ayres, term expires 
1924; John Koren, term expires 1925; Edmund E. Day, term expires 1926; 
Joseph A. Hill, term expires 1927 


Committee on Nominations for 1924: 
Allyn A. Young, Chairman, E. Dana Durand, Wesley C. Mitchell 
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MEMBERS ELECTED SINCE FEBRUARY 


Bagwell, Lucile, Federal Reserve Bank, New York City 

Baker, Hugh P., Sec’y, American Paper and Pulp Ass’n, New York City 

Barrett, Don C., Dep’t of Economics, Haverford College, Haverford, Pa. 

Beam, Lura, Council of Church Boards of Education, New York City 

Bennett, Russell W., Sec’y, Standard Container Mfrs., Jacksonville, Fla. 

Billingsley, Allen, Publishing, 30 Irving Place, New York City 

Black, John D., College of Agriculture, University of Minnesota, St. Paul, Minn, 

Carlson, Alice L., Federal Reserve Bank, New York City 

Carroll, Mollie Ray, Social Science Dep’t, Goucher College, Baltimore, Md. 

Coogan, Gertrude, Northern Trust Co., Chicago, IIl. 

Cricher, A. Lane, labor investigator, Winthrop & Stimson, New York City 

Dean, W. H., statistician, H. Dawson & Co., Bradford, Yorkshire, England. 

Dodd, Edward L., Williams College, Williamstown, Mass. 

Doharr, Herbert A., LaSalle Extension University, Chicago, Ill. 

Drury, Horace B., Institute of Economics, Washington, D. C. 

Elliott, Margaret, student, Lowell, Mass. 

Faubel, Arthur L., New York University, New York City 

Graesser, Roy F., statistician, University of Illinois, Urbana, II). 

Hayaski, Yashima J., student, Columbia University 

Hickernell, Warren F., Alexander Hamilton Institute, New York City 

Holland, Maurice, supervision of graphs and statistics, Engineering Div., Air Service, 
McCook Field, Dayton, Ohio 

Jennings, Albert H., Nast Publications, New York City 

Jones, Arthur W., statistician, Curtis, Fosdick & Belknap, New York City 

Justin, Miner M., Div. Crop and Livestock Estimates, State Capitol, Salt Lake City, 
Utah 

Klaragard, Sever, St. Olaf College, Northfield, Minn. 

Knight, S. H., advisory engineer, Day & Zimmermann, Philadelphia, Pa. 

Leven, Maurice, Nat’] Bureau of Economic Research, New York City 

Macken, H. I., New York Telephone Co., New York City 

Mann, Lida, Div. Mineral Resources, U. S. Geological Survey, Washington, D. C. 

Martin, L. F., Manager Auto Section, R. H. Donnelley Corp., Chicago, III. 

Maxwell, W. Floyd, Comm. on Economic Research, Harvard University 

Morgan, Charles S., Interstate Commerce Commission, Washington, D. C. 

Niles, Henry E., Federal Reserve Bank, New York City 

Osborn, C. Campbell, Maryland Oil Co., Ponca City, Okla. 

Pape, Leslie M., Nat’l Paper Trade Ass’n, New York City 

Poag, Emerson J., Buick Motor Co., Flint, Mich. 

Plowman, E. Grosvenor, Economic Forecasting, Cambridge, Mass. 

Rosenberg, David S., Case, Pomeroy Co., New York City 

Savage, Winfield A., U.S. Rubber Co., New York City 

Stevenson, E. F., Second National Bank, Elmira, N. Y. 

Stine, O. C., Bureau of Agricultural Economics, Washington, D. C. 

Thomas, Woodlief, Federal Reserve Board, Washington, D. C. 

Tuttle, Pierson M., Bonbright & Co., New York City 

Tyler, Cornelius B., Tyler & Tyler, Attorneys, New York City 

Waldkoenig, Hilbert A., University of Washington, Seattle, Wash. 

Wheeler, Harry E., Certified Public Accountant, 925 Allerton House, New York City 

Wyman, Phillips, Periodical Publishers Ass’n, New York City 
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Income in The United States: Its Amount and Distribution, 1909-1919. Na- 
tional Bureau of Economic Research. Vol.II. 1922. xiv, 440 pp. 


This book is the detailed report supporting the smaller volume of the same 
title (published by Harcourt, Brace and Company in 1921) whieh presented the 
findings and conclusions of the Bureau in summary form. It indicates quite 
fully the methods which were followed by the Bureau’s staff of statisticians in 
their attempt to determine the amount and distribution of the national income, 
year by year, for the period 1909-19, and it exhibits by way of numerous tables 
and charts many of the data underlying the figures proffered in Volume I. It is 
made up of three main parts, as follows: 

I. The Estimate by Sources of Production (246 pages); II. The Estimate 
by Incomes Received (92 pages); III. The Personal Distribution of Income in 
the United States (87 pages). 

The investigators in charge of the three divisions are, respectively, W. I. 
King, O. W. Knauth, and F. R. Macaulay. 

A study of this second volume, it must be confessed, does not enhance one’s 
confidence in the significance of the figures published in the summary. The 
unsatisfactory character of the underlying data, a matter naturally not promi- 
nent in the first volume, is very evident in this report, the more so in that it is 
frankly and clearly pointed out by the writers. Nearly every page, it appears, 
contains an admission of incomplete, unreliable, or missing data; authoritative 
and dependable figures are conspicuously infrequent. Undoubtedly the in- 
vestigators have made the most of the available material. Scrupulous care has 
been used to secure a foundation for every conclusion if such foundation were 
possible. But one can hardly avoid being more impressed by the thoroughness, 
impartiality, and ingenuity of the researchers than by the value of their estimates 
and conclusions. What we have here, after all, is largely estimate and con- 
jecture rather than compilation and computation, and one wonders if these re- 
sults, so painstakingly determined, are much more significant than rough esti- 
mates derived by much cruder methods. At any rate it is clear, as admitted 
repeatedly by the staff of the Bureau, that we yet have much to learn about in- 
come in the United States. 

In determining the national income by sources of production Mr. King con- 
ceives the annual income of an industry to be the amount withdrawn from the 
industry as individual income plus the accumulated earnings, the savings “re- 
tained . . . by all the enterprises engaged in the industry”’; and he arrives 
at this “book” income either by deducting from gross output all payments to 
other industries for goods and services utilized, as in the case of agriculture, or by 
directly calculating the net value product (the amount paid to employees and 
all property owners and investors, including bondholders and other long-term 
creditors as well as the proprietary interests) on the basis of accounting reports 
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and other available data, as in the case of mines and related lines. In general 
the shares of employees and property owners in the net value product are sepa- 
rately exhibited, and the average annual earnings derived by each employee are 
calculated. In addition there are presented many tables showing the trend of 
physical output, the purchasing power of net product on the basis of 1913 prices, 
and other figures of interest. 

Census figures and reports of the Department of Agriculture are the principal 
raw materials from which the estimates of the net value product of agriculture 
are derived. Interpolations for intercensal years are based, in many cases, on 
few or no data. Deductions from gross product on account of payments to 
other industries are made in the case of implements, fertilizers, automobiles 
(an estimate of the expense for business use only), harness and saddles, insur- 
ance, and commercial interest. In this connection the procedure followed may 
be criticized. Without much doubt the costs of buildings, fencing, and drain- 
age amount to much more than any one of the items considered by Mr. King. 
Indeed, it is the opinion of the reviewer that the representative farmer pays as 
much for the omitted costs as for those included, in total. At any rate it hardly 
seems reasonable to give precise expression to an item of negligible consequence, 
such as fire and storm insurance, and omit all costs of fixed assets (other than 
equipment) on the ground that such costs probably about offset the net rental 
value of farm homes. These important omitted charges appear to be fully as 
susceptible of reasonable estimation as those which are included. Farm dwell- 
ings are of course indirect goods only in part; and here is involved a problem of 
distinguishing between cost of securing income and object for which income is 
expended. But the statistical problem in this case is no more difficult than the 
similar problem of dividing the farmer’s motor car bill between business expense 
and consumption, an apportionment which Mr. King attempts. 

An endeavor to determine the periodic net value product of agriculture natu- 
rally raises many problems incapable of other than a conjectural solution. Ex- 
amples of elements whose effect is not considered in this study are increasing or 
diminishing fertility, and increase in the layout of buildings, fencing, and other 
improvements. On the other hand estimates are included to cover the value of 
farm products consumed by the farmer’s household and the value of new land 
brought under cultivation. 

Appreciation of land (and of other resources) is excluded from the net value 
product of agriculture (and from the incomes derived from other industries), 
apparently on the ground that such appreciation is in no sense a part of national 
income since it does not indicate any additional endowment with respect to our 
stock of tangible resources. A serious question of theory, which it is quite be- 
yond the scope of this review to discuss, is here involved. One or two comments, 
however, will be ventured. Appreciation of farm lands (or other resources) 
may and does in considerable measure add to the property—and to the purchas- 
ing power—of farmers (or other groups) as a class. Accordingly, any estimate 
of the financial position of farm owners over a period of years which does not 
take this fact into account is seriously defective. Further, it is by no means 
easy to demonstrate that appreciation of resources is not income of the nation. 
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And at any rate, may not such appreciation be said to add to the wealth of the 
nation? As population increases the nation naturally tends to prize its dimin- 
ishing natural resources more highly. In other words, the economic significance, 
the value, of the natural endowment does and should become enhanced from the 
standpoint of the entire community as well as from the standpoint of the par- 
ticular class. Is not this enhancement income as fully as the savings which re- 
sult in an increase in the value of our produced capital resources? True, it is not 
identical with the increase in wealth resulting from a greater stock of produced 
equipment, and it may not indicate increasing standards of living. But has it 
ever been agreed that an increase in the national wealth is obtained only through 
an increase in the stocks of produced goods and improvements? 

Pages 116-201 are devoted to transportation and other public utilities. Nat- 
urally the data here are more complete and dependable; and the numerous tables 
presented are interesting and valuable. Particularly striking are the facts re- 
lating to the percentage of the value product going to employees in this field, 
Mr. King estimates that this percentage has increased from 59.3 in 1909 to 75.6 
in 1919. The increase in the purchasing power of the average annual earnings 
per employee from 1909 to 1919 is shown to be nearly 20 per cent. This is due 
primarily to advancing wages in the steam railway field, where the increase in 
the purchasing power of average annual earnings per employee for this period 
is shown to be over 30 per cent. 

The treatment of government as an industry adding to national income seems 
to the reviewer to be essentially unreasonable. The value of the service of gov- 
ernment in a broad sense is of course incalculable; but to assume that payments 
made by the government (in its various branches) as wages, salaries, pensions, 
and interest measure the value product of government is quite fantastic. Gov- 
ernment is not a ‘source of production” (except in so far as the state enters into 
industrial activity). It is rather an agency which directs the expenditure of a 
considerable part of the income originating in the various branches of industry. 
That is, through the tax power the state effects a partial redistribution of income. 

In other words, would it not be better procedure to include payments to gov- 
ernment in the amount of income arising in each field of production? Is not 
the periodic net value product of an industry the value of its output of goods 
and services less payments made to other industries, due allowance having been 
made for depletion or depreciation and improvements? Indeed, in the case of 
agriculture, Mr. King finds that it is not feasible to deduct taxes in estimating 
the net product of the industry. 

Among the industries of some consequence which are apparently given no 
consideration is the insurance field. 

The data from which the net value product. of the unclassified industries— 
trading, the professions, etc.—has been calculated appear to be particularly 
unsatisfactory. Accordingly the estimate for this field, which amounts to 
over 25 per cent of the total in 1917, is essentially conjectural. 

Mr. King states that “‘logically, a net rental value for the entire stock of con- 
sumption goods on hand must be estimated and added,” and this he proceeds to 
do. The reviewer fails to see that logic compels the inclusion of this estimate, 
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The value of the annual service in use of fixed consumption goods is not a part 
of the “book income” of the nation, which Mr. King is avowedly trying to cal- 
culate, in terms of sources of production. National book income for the year 
from the standpoint of the nation as a single enterprise or establishment is the 
value of the output of structures, commodities, and services from the various in- 
dustries, adequate deductions being charged for exhaustion of natural resources 
and other impairment of productive layout. From the standpoint of the in- 
dividual income recipients, the annual national book income is the total net 
purchasing power placed in the hands of the population during the year, allow- 
ance being made of course for purchasing power derived merely from the con- 
version of estates as they stood at the beginning of the period, and any funds 
acquired by borrowing from other nations, and, possibly, for the increase in cor- 
porate surplus. In this book income, from whichever angle it is calculated, 
there is no place for an estimate of ultimate income, the income actually de- 
rived in the process of consumption. 

On the other hand there is much to be said in favor of the inclusion in the final 
figures of an estimate for what might be called domestic or household production. 
Strictly speaking, the process of production is not completed by industry in the 
technical sense. The conversion of indirect goods to direct is accomplished in 
considerable measure by the consumer himself. Sleeping, eating, reading— 
these are evidently consumption processes. Canning fruit, washing clothes, 
tending the furnace, cooking and serving, on the other hand, are clearly ex- 
amples of production. And if there is any propriety in estimating and including 
minor items such as “ profits from cow-keeping in villages and cities” and profits 
accruing from urban gardens, there is surely reason for the recognition of the 
value of domestic production in total. In Volume I of this study, indeed, some 
conjectural figures for domestic production are offered. 

The “estimate by incomes received,” although independently made, does not 
appear upon examination to be based upon an entirely distinct plan of procedure. 
In his introduction Mr. Knauth states that the “theory underlying this estimate 
is that all of the national income in every year must be received by some person.”’ 
And his estimate is the result of an attempt to summate all of these incomes 
(an allowance for corporate surplus being included). But Mr. King’s figures 
also represent an estimate by incomes received. In determining the value prod- 
uct of each industry he asks the question, ‘‘What book or money income do in- 
dividuals, as such, derive therefrom?” 

Mr. Knauth, however, does not make his estimate solely by industries. His 
estimate is divided into four main parts: (1) total income of persons receiving 
over $2,000 per year (excluding farmers) ; (2) income of persons receiving under 
$2,000 per year (exclusive of farmers) ; (3) farmers’ incomes; (4) addition to cor- 
porate surplus. The tax returns (or rather reports derived therefrom) consti- 
tute the principal raw material from which the first of these items is calculated, 
although the tax exempt income above the $2,000 level is a considerable item and 
is carefully estimated and included. Naturally the major part of the national 
income which takes the form of dividends and interest is involved in this first 
section. The annual income of persons drawing less than $2,000 per year is 
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calculated essentially by industrial groups. The main statistical raw materials 
here are the Census reports and data gathered by other governmental bureaus, 
federal and state. In case of farmers’ incomes “chief reliance must be placed 
upon the annual estimates of the ‘gross value of wealth produced on farms’ 
made by the Department of Agriculture,” to quote Mr. Knauth. The estimate 
of corporate surplus, in turn, is chiefly based upon the “Statistics of Income” 
issued by the Bureau of Internal Revenue and upon corporate reports. 

Evidently the statistical material used by both investigators is to a consider- 
able degree the same, and to an important extent similar methods of procedure 
are followed. The only marked difference lies in the use made by Mr. Knauth 
of data based upon the federal income and profits tax returns in ascertaining the 
total taxable annual income of persons having yearly incomes of over $2,000; and 
the amount of this item averages but approximately 25 per cent of the grand 
total. This suggests that the relatively close correspondence between the two 
final estimates can hardly be used as an indication of the accuracy of these esti- 
mates, as indexes of true national income. It shows, rather, that two investi- 
gators, making independent studies of national income but using precisely the 
same conception of this income both as to inclusions and exclusions, have pro- 
ceeded with such care and thoroughness in the use gf the available data that 
their final results exhibit a very satisfactory degree of correspondence. 

Part III of the report is devoted largely to a highly technical discussion of 
“‘Pareto’s law,”’ so-called, and will be of interest primarily to statisticians who 
are familiar with and enjoy mathematical refinements. For the person who 
desires to know the findings and conclusions of the Bureau with respect to the 
problem of the personal distribution of income in the United States, Chapter 
III of Volume I is recommended in its stead. The reviewer was able to gather 
that Mr. Macaulay rejects “Pareto’s law” as far as his problem is concerned, 
and that he is skeptical as to the propriety of any mathematical generalization 


in this connection. 
W. A. Paton 


Part III of Income in the United States, Vol. I1, published by the National Bureau 
of Economic Research, deals with the personal distribution of income and is cred- 
ited to Mr. Frederick R. Macaulay. The problem is to determine the frequency 
distribution of the annual income among personal recipients in the United States. 
The income tax data show material regarding incomes of only about 7 per cent 
of the recipients of income, which constitutes the upper tail—though a very long 
one—of such a frequency distribution. To make out the remainder of the dis- 
tribution curve, the author was forced to use approximations based on such 
material as wage studies, cost-of-living investigations, and estimates of the total 
volume of low incomes. All these basic data had to be refined by various adjust- 
ments involving estimates of the number of persons failing to report incomes; 
evasions by reporting persons; incomes of farmers from produce consumed, labor 
not paid for, and rental value of owned homes; amounts of tax-exempt securi- 
ties; size of negative incomes; etc. 

The numerical work of the various steps in these adjustments is not presented, 
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and therefore the reader cannot form an opinion of the accuracy of the parts. 
It is clear enough, though, from the general nature of the data that the approxi- 
mations are very rough. The author is indeed quite frank in admitting the diffi- 
culties. “It is only because of the practical value of even the roughest kind of 
estimate that any statistician would think of attacking the problem.” His final 
distribution is, then, about as weak or as strong as the data. 

Mr. Macaulay, however, tried very diligently to make his frequency distribu- 
tion stronger than the basic data; for laws and relationships often make it pos- 
sible to build the whole accurately from fragments. In fact, fhe bulk of the pres- 
entation deals with searches for mathematical laws and ingenuous critical analyses 
of the nature of frequency distributions of incomes. 

The largest part of this research deals with the lead set by Professor Pareto, 
whose work, it is recalled, suggested that when incomes and recipients are plotted 
cumulatively on double log paper the distribution is a straight line of constant 
slope for different times and different countries. Mr. Macaulay, however, just 
about wrecks the significance of this so-called straight line of “Pareto’s law,” 
first, by showing that the goodness of fit of the straight line is highly deceptive 
as to natural values because of the cumulative logarithmic charting; in fact, the 
tails of a great variety of frequency distributions show this straight line effect 
when so plotted. Not only is the linearity not significant, but these tails vary 
greatly from one year to another and from country to country in their slope and 
in their shape. Thus, economic welfare within a group can be and is varied on 
other grounds than increased production. In any case the shape of the tail, he 
shows, tells us nothing about the shape of the whole distribution. Furthermore, 
he questions whether the entire frequency distribution of income can ever be 
described in any useful mathematical law because income data, like general 
mortality curves, are not sufficiently homogeneous, and the homogeneous ele- 
ments of income curves cannot be dissected now because of the nature of the 
government’s reports. 

Space limitation precludes the noting of many acute observations and analyses 
of the income material which the author makes. A study is presented of the 
Australian income census, also of various samples of wages distributions and of 
American income tax procedure. 

Mr. Macaulay presents his material vividly and incisively ; many readers, how- 
ever, will miss the practical connotations that might have been expected. The 
author’s language has a touch of slang, and his mathematics a touch of elegance. 
The work shows insight, penetration, range, and skilled craftsmanship. These 
qualities plus a certain critical testing of the results of his technique give the reader 
the feeling that the most has been made of the data, but not too much. 


F. Ocsurn 


Labor Turnover in Industry, by Paul F. Brissenden and Emil Frankel. New 
York: the Macmillan Company. 1922. 215 pp. 

This is a book of facts rather than of interpretations and constructive sug- 
gestions. It does not undertake to analyze the causes of labor turnover, to 
point out in what ways it is significant, or to suggest how turnover, in so far as 
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it is an evil, can best be dealt with. It is concerned primarily with the statistics 
of turnover and is, indeed, the only study which is principally and almost ex. 
clusively devoted to a quantitative analysis of the subject. The data it presents 
were gathered by the authors and several others for the United States Bureau of 
Labor Statistics. The Bureau’s survey of labor turnover is the most extensive 
one that has been made, and the figures in Messrs. Brissenden and Frankel’s 
book represent a greater number of workers and a wider geographical and occu- 
pational dispersion than any previous investigations. The fact that the mate- 
rial relates in considerable degree to the war period renders it less typical but not 
less valuable, for the war years illustrate with exaggerated clearness the effect of 
many factors upon turnover. 

In the main, the data presented confirm old conclusions rather than establish 
new ones. This does not mean that the material lacks importance, for earlier 
investigations need corroboration. The Bureau found, as have others, that the 
turnover rate varies enormously in different plants at the same time, and in in- 
dustry as a whole during the course of the business cycle. Different parts of 
labor turnover are affected by the business cycle in different ways, lay-offs in- 
creasing during periods of liquidation, resignations and discharges rising and 
falling with the demand for labor. The data support the estimate made by the 
reviewer several years ago that, taking into account both years of prosperity and 
years of depression, the average rate of turnover for all plants in all industries is 
probably not far from 100 per cent. Messrs. Brissenden and Frankel’s figures 
show, during the decade ending in 1919, a total of 2,481,280 separations in plants 
having the equivalent of 2,117,682 full-year workers—a rate of 117 per cent. 
The authors’ method of computation, however, unduly reduces the size of the 
base and thus exaggerates the rate. Computed by a method which the reviewer 
regards as more accurate, the rate would have been closer to 100 per cent. 
Messrs. Brissenden and Frankel agree with other investigators in finding that in 
most years and in most industries resignations far exceed both lay-offs and dis- 
charges. Their figures also bear out the observation, much emphasized in other 
studies, that a high degree of instability is not characteristic of the working 
class as a whole, but that separations are concentrated among a comparatively 
few workers, especially the newly hired and the unskilled. This suggests that 
turnover is in the main due to a small class of habitual drifters, but such is not 
the case in most industries. 

The figures on seasonal variations in labor turnover and on the relative sta- 
bility of men and women and of night and day forces are almost the sole pub- 
lished statistics on these points. The authors find, as we should expect, a sub- 
stantially greater turnover in the spring (March, April, and May) than in any 
other season and a distinctly greater turnover in the summer than in either the 
fall or the winter. Figures from forty-five plants employing in 1917-18 the 
equivalent of 49,513 full-year male and 16,836 full-year female workers, indicate 
that turnover is distinctly greater among the men, being 180 per cent as com- 
pared with 111 per cent. These data are too limited to be conclusive, but they 
represent an important beginning in the collection of material on the relative 
mobility of men and women. 
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Interesting statistics are given on comparative turnover rates in different lo- 
calities, different industries, and plants of various sizes, but they are too scanty 
to be significant. No figures are presented on turnover rates among children. 
This is a subject of importance, however, and it is to be hoped that in future in- 
vestigations the Bureau will not omit it. In fact, it would be highly desirable 
for the Bureau to gather data on the relative stability of adults in various age 
groups. Another noteworthy omission is information concerning turnover rates 
in union and non-union plants. So many factors affect turnover that a vast 
amount of data would be necessary to average out the other variables and to iso- 
late this one in a reasonably accurate manner. It is regrettable that the long 
task of collecting the needed material has apparently not been commenced. 
Absence of figures on turnover costs is a third omission of consequence. So 
widespread is the misunderstanding of this subject and so careless are most turn- 
over cost computations that reliable and carefully analyzed information is doubly 
needed. Failure to divide separations into resignations, lay-offs, and discharges 
impairs in several instances the value of the figures. This is true, for example, 
of the data on the instability of men and women and on the seasonal variations 
of turnover. Just howmuch the disposition to seek new jobs is affected by sex or 
season can be accurately known only when resignations are separated from lay-offs 
anddischarges. No intimationis given as to howany of the results of the Bureau 
agree with the findings of the numerous other studies of turnover. Readers 
who lack acquaintance with the work in this field are left to guess whether 
the Bureau’s figures corroborate or put in question previous observations. 

The authors believe that methods of computing turnover rates are badly in 
need of refinement. They suggest two principal changes: (1) that the relative 
stability of working forces be measured neither by hirings nor by separations but 
by the sum of hirings and separations, designated “the flux”’ ; (2) that all rates— 
hiring, separation, and flux—be computed on the basis of the aggregate number 
of hours actually worked by all employees for any period instead of the average 
number of employees on the payroll. The authors suggest that the hours worked 
be converted into units of full-time yearly workers by the divisor of 3,000— 
3,000 hours being regarded as a year’s work. 

Undoubtedly the computation of turnover rates badly needs improvement. 
Each of the above proposals, however, is open to exceptions. To the proper 
use of the flux rate there can be, of course, no objection. This rate measures the 
general flow of labor, regardless of whether it is a flow from one job to another, 
from employment to unemployment, or from unemployment to employment, 
and if this is what one desires to measure, then the flux is the figure to use. Nei- 
ther hirings nor separations alone indicate the flow, for, when employment is ex- 
panding, hirings exaggerate and separations understate the movement of labor, 
and when employment is contracting the reverse is true. Messrs. Brissenden 

and Frankel, however, feel that the flux rate not only measures the general flow 
of labor from job to job and into and out of employment, but that it is “ perhaps 
the best single index to the general labor stability in any establishment and to 
its standing as compared to other establishments.” A figure which is affected as 
much by hirings as by separations, however, is not a very satisfactory device for 
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comparing the stability of labor in different plants. Assume, for example, two 
establishments each with an average force of five hundred. One has 250 hirings 
and no separations. The other has 125 hirings and 125 separations. Messrs, 
Brissenden and Frankel, endeavoring to measure stability by the flux, would say 
that each plant has an equally stable or unstable force. The employer in the 
first establishment, however, who has no separations, would no doubt regard his 
force as much more stable than that of the second plant, and probably the second 
employer would share this opinion. In short, the flux rate measures so much 
that it measures nothing in particular. Not until the employer goes behind the 
flux and studies hirings and separations can he discover what is happening to his 
force. 

The suggestion that turnover be computed on the labor hours actually worked 
is made in order to obtain a base (1) which will represent as accurately as pos- 
sible the amount of exposure to the risk of turnover and (2) which will render the 
rates computed for different plants more strictly comparable. Unfortunately 
the labor-hour method instead of being a move in this direction is a step in the 
opposite one. 

It is easy to show why the average number of names on the payroll is a crude 
basis for computing turnover. Assume that a plant has a force of 100 men and 
a pay period of fourteen working days. At the end of the first day a man quits. 
On the next day another is hired to take his place. Onthe seventh dayasecond 
man quits and on the eighth someone is taken on to replace him. On the thir- 
teenth day a third separation occurs and on the fourteenth day a third man is 
hired. During this period 103 men have been in the enterprise’s employ and if 
the names on the payroll are used as the basis for computing turnover, the base 
will be 103. At no time, however, were there more than 100 men on the force. 
Moreover, only 97 men worked every one of the fourteen days. Two men worked 
only one day, two, thirteen days, and two, seven days. Yet every one of these 
six short-time men is assumed to expose the enterprise to as great risk of turnover 
as those who worked throughout the entire pay period. 

If the inflation of the base did not affect the comparability of the figures from 
different plants or from the same plant at different times, it would not be of great 
consequence. It is evident, however, that the error indicated above becomes 
greater as (1) the number of hirings or separations increases and as (2) the pay 
period becomes longer. Hence this method of computation destroys the strict 
comparability of the turnover rates in plants with long and short pay periods and 
with numerous and few hirings and separations. 

Using the names on the payroll as the basis for computing turnover rates 
inflates the base. Using the hours actually worked does in most cases precisely 
the opposite—it deflates the base so that it represents less than the actual 
exposure to turnover. Messrs. Brissenden and Frankel apparently do not regard 
a man as adding to the exposure unless he is actually working at his job. If heis 
at home sick or absent for other reason, he ceases for the time being, according to 
the authors, to represent a possible separation and is not included in the base up- 
on which they calculate rates. If he quits for the day at noon he is, in their view, 
so much less a possible separation. On the other hand, if he works overtime the 
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chance of his quitting or being laid off or discharged becomes, in the authors’opin- 
jon, just so much more. 

Undoubtedly exposure to the risk of turnover does hinge to a very limited de- 
gree upon the number of hours worked. Every additional hour, for example, in- 
creases the chance that a man will make a mistake or violate a rule which will re- 
sult in his being discharged. To a less extent additional hours of work afford the 
causes which render men dissatisfied with their jobs a greater opportunity to op- 
erate. Inthe main, however, the exposure to the risk of turnover appears to de- 
pend less upon the hours worked than upon the number of men in the employ of 
the enterprise and the number of days during the period under consideration that 
each has been an employee, regardless of whether or not he has worked every 
one of those days. Every man on the force is a possible separation whether he 
is regular or irregular in attendance, whether he works full time, part time, or 
overtime, whether his regular working day is eight, ten, or twelve hours. Fore- 
men decide to lay off absentees as well as those who are at work. Certainly the 
fact that a man is absent or working only half time does not reduce the chance 
that a foreman may decide to lay him off, nor does his working extra hours en- 
hance it. The situation is similar in the case of discharges. The foreman may 
decide to discharge a man who is absent as well as one who is present. And al- 
though the exposure to certain causes of discharge ceases when a man leaves the 
plant, the exposure to other causes, suchas intoxication andirregular attendance, 
becomes no less as absenteeism and short time increase. Many important causes 
of discharge depend little upon the number of hours worked. Insubordination, 
for example, appears to be largely a matter of the temperaments of the worker 
and the foreman. Since a man who cannot hit it off with his foreman is more 
likely to be found among three men than among two, the probability of a dis- 
charge due to this cause is greater in the case of three men each working eight 
hours a day than in the case of two working twelve hours. Yet Messrs. Brissen- 
den and Frankel regard the exposure as the same in each of these instances. So 
also in the case of discharge for incompetence. A longer working day usually 
does not materially assist the foreman in judging a man’s skill. Consequently a 
discharge for unfitness is more likely among three men working eight hours than 
among two working twelve. Examination of the causes for resignations re- 
veals that exposure to most of them varies principally with the man-days of em- 
ployment rather than with the hours worked. Men resign their positions because 
they find themselves unsuited to the work, because it is too heavy, hot, mo- 
notonous, dusty or nerve racking, because it exposes them to fumes, gases, or dis- 
agreeable odors, because the foreman or fellow workmen are uncongenial, because 
the plant is remote from their homes, because the pay is unsatisfactory, because 
of more attractive opportunities elsewhere. Every day a man may decide to 
leave his job. He may do it whether he worked half time or full time or whether 
or not he worked at all. He is about as likely to conclude that a job is too hot, 
monotonous, or dusty, or the foreman or his fellow workmen too uncongenial, or 
the chances for promotion too poor, when the hours of work are 44 a week as when 
they are 48, 54, or 60. And he is also about as likely—often even more so—to 
arrive at that decision on a day when he is at home sick as when he is working. 
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In the case of dissatisfaction with earnings (one of the most frequent causes for 
resignation) exposure certainly does not vary directly with the hours of work. 
Likewise the chance of men’s quitting because of the discovery of a better job 
elsewhere (another common reason for resignation) is largely independent of the 
number of labor-hours put in by the force. Even dissatisfaction with the work 
on account of fatigue is probably less affected by labor-hours than might be sus- 
pected, for the pace tends to adjust itself to the length of the working day. 

In considering the advisability of computing turnover rates on the basis of 
labor hours, it must be borne in mind that the hours worked are themselves a di- 
rect determinant of labor stability and that it is desirable to have their effect 
reflected in the turnover rate. If, however, we wish the rate to indicate the influ- 
ence of any cause of turnover, we must not permit the base to be altered by vari- 
ations in the causal factor. If changes in the factor affect the base, the turnover 
rate will either minimize or exaggerate the influence of the factor, depending 
upon whether fluctuations in the factor change the base directly or inversely 
as they affect the frequency of separations. 

The manner in which the computation of turnover rates upon labor hours con- 
ceals or exaggerates the effect of the hours worked upon the frequency of separa- 
tions is easily explained. A long working day under most circumstances in- 
creases separations. But when the working day is long, Messrs. Brissenden and 
Frankel increase the size of the base upon which they compute turnover. To the 
extent that this is done the resulting rate is lessened and the effect of the longer 
hours upon separations is concealed. In alike manner the influence of the short 
working day is concealed, for in this case the base upon which turnover is com- 
puted is reduced, causing the fewer separations to produce a higher rate than they 
otherwise would. In times of depression and to some extent in seasonal indus- 
tries a longer working day tends to reduce rather than increase separations, and 
steady operation of the plant produces this same effect. In these instances 
Messrs. Brissenden and Frankel’s method exaggerates rather than conceals the 
effect of the hours worked upon stability. The decrease in the frequency of sep- 
arations resulting from the greater volume of employment is made to appear 
greater than it is because the rate is computed upon a larger base in plants giving 
many hours of work than in those giving few. 

Not only does the computation of turnover rates upon the hours worked fre- 
quently deflate the base and conceal or exaggerate the effect of such factors as the 
length of the working day and the steadiness of employment upon separations, 
but it also destroys the comparability of the figures from different plants or from 
the same plant at different times. The reason, of course, is that the base which 
Messrs. Brissenden and Frankel propose to use is affected by such things 38 
length of the working day, amount of short time or overtime, holiday work, shut- 
downs for stock-taking, and the degree of absenteeism, all of which not only vary 
as between plants but fluctuate within a given plant at different times. To illus- 
trate the influence of some of these factors let us assume two plants each having 
in its employ every day of the year 100 men, no more, no less, and each losing in 
the course of the year 100 men. Apparently the stability of each of these forces 
is the same. Not necessarily so, however, if we calculate the separation rate on 
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the basis of the hours worked. Suppose one plant has a working day of eight 
hours and the other of twelve. Despite the fact that the sizes of the forces and 
the number of separations are the same, Messrs. Brissenden and Frankel would 
say that the second enterprise has a separation rate 33 per cent less than the first. 
It has a lower rate, not because its men left less frequently, for they did not, but 
because it has a longer working day! Or we may assume that one of the above 
mentioned plants has an absentee rate of 5 per cent and the other of 15 per cent. 
Other things being equal, Messrs. Brissenden and Frankel would say that the 
plant with the higher absentee rate has a turnover rate higher by slightly more 
than 10 per cent. Not, of course, that it had any more separations, but when 
hours worked are used as the basis of computations, the separation rate is raised 
by an increase in absenteeism as well as by an increase in separations. A some- 
what extreme instance of the manner in which this method of computation works 
out is obtained by assuming that each of the plants has the same regular working 
hours but that although one is able to keep its men fully occupied every working 
day, the other has sufficient business to operate only half time. Nevertheless 
the second plant has had no more separations than the first. The manager of 
the second plant might feel pardonable pride in this accomplishment. Messrs. 
Brissenden and Frankel, however, apparently would deny his claim to any 
achievement because, according to their method of calculation, instead of having 
done better in holding his force than the manager who was able to give each man 
a full year’s work he has not done so well! His separation rate is double that of 
the first plant! 

These considerations lead to the conclusion that in place of the inaccurate pay- 
roll basis of computation and of the equally inaccurate hours worked basis, sep- 
aration rates should be computed on the man-days of employment during the 
period under consideration. This would eliminate the distorting effect of varia- 
tions in the length of the working day, overtime, short time, and also of absentee- 
ism, for since absentees are still in the enterprise’s employ, they would be counted 
in calculating the total man-days of employment. On the other hand, men who 
were not in the employ of the business during the entire period and who, there- 
fore, did not cause so great an exposure to turnover as did the others would count 
no more than they should. A man who left three days after the beginning of the 
period would add only three man-days of employment to the basis of computa- 
tion and a man who began work only seven days before the end of the period 
would add only seven man-days. 

Further to improve the statistics on stability it is suggested that business en- 
terprises clearly distinguish between man-instability and job-irstability and that 
separate indexes of each be regularly computed. Employers have been led too 
much to believe that their interest extends only to the instability of men and, in- 
deed, to this only so far as separations require replacement. Quite obviously, 
however, employers are interested in the instability of jobs as well as the insta- 
bility of men. But although labor separation rates are now computed by many 
plants, job instability has received little attention. Few business men know the 
degree of job instability in their plants, few can tell what proportion of their jobs 
are permanent and what temporary, or what is the average duration of the tem- 
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porary jobs. Yet might not this information be as efficacious in arousing mana- 
gers to the need for stabilizing jobs as have been figures on labor instability in 
causing them to see the need for reducing separations? The regular mainte- 
nance by each plant of indexes of job instability appears to be a most needed 
addition to turnover statistics. 

In conclusion, the reviewer ventures to express the hope that Messrs. Brissen- 
den and Frankel’s very excellent book will stimulate a demand from students of 
labor that the Bureau of Labor Statistics make the collection of turnover statis- 
tics a regular and permanent part of its work. The data are badly needed, and 
no organization is in a better position to gather them. 

Sumner H. Suicurer 

Cornell University 


Graduation of Mortality and Other Tables, By Robert Henderson. New York: 
The Actuarial Society of America, 1919. v, 81 pp. 

Since the death of Dr. Emery McClintock, who for many years held the fore- 
most place among American actuaries, Mr. Robert Henderson has justly been 
recognized as the mathematical dean of the actuarial profession in America. He 
is one of the few American actuaries whose writings bear ample evidence of a 
careful study of the higher mathematical analysis. He comes for this reason 
closer to the school of British actuaries than most of his colleagues in this coun- 
try. His contributions have not necessarily been voluminous, but the present 
reviewer confesses readily that he has derived greater benefit and pleasure from 
the short ‘actuarial notes” by Mr. Henderson in the publications of the Actua- 
rial Society of America than from the usual tosh and verbalism which one often 
encounters among our present-day actuaries and statisticians. 

The present volume forms no exception to this rule. In a surprisingly small 
compass our author has covered a large amount of very important ground. The 
first introductory paragraphs of his book show conclusively that Mr. Henderson 
belongs to the time-honored orthodox English-German school of Mill, Venn, and 
von Mayr, rather than to the French-Scandinavian school of Laplace, Poisson, 
Cournot, Gram, Thiele, and Charlier. He divides statistical phenomena into 
two classes, which he terms non-serial and serial statistics. This is what in mod- 
ern terminology corresponds to the so-called homograde and heterograde statis- 
tical series. The nomenclature of Mr. Henderson is therefore somewhat mis- 
leading because it uses the term series in a very restricted sense that is no longer 
recognized in modern mathematics. On page 2 it is stated that “an analysis of 
death claims by cause of death would be an example of non-serial statistics, 
whereas an analysis of the same claims by attained age or by duration of insur- 
ance would be an example of serial statistics.” From this it would appear that 
Mr. Henderson would allow only variations according to time to be considered 
as a series and would exclude space or categorical (or qualitative) variations from 
his definition of serial phenomena. His restricted definition makes it difficult 
to investigate the mathematical relations between time and space and between 
time and qualitative attributes. Such relations, as shown by Bachelier in his 
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massive volume, Théorié des Probabilitiés, do exist, however, and can be made the 
basis of far-reaching statistical investigations, especially in mortality statistics, 
and may perhaps—as the present writer has pointed out—make possible the con- 
struction of mortality tables from mortuary records by attained age and cause of 
death, but without knowledge of the number exposed to risk. Such heretic opin- 
jons undoubtedly would be considered as unsound by Mr. Henderson and by him 
regarded as unorthodox as the recent relativity theory, which theory in a meas- 
ure is diametrically opposed to Mr. Henderson’s opinions regarding statistical 
phenomena and their relation to mathematical series. 

On the other hand, if we choose the opinions of the author as our base and ac- 
cept his definition of statistical series, the question of graduation becomes solely 
an empirical process, and it is from this point of view that we propose to consider 
Mr. Henderson’s book. 

Mr. Henderson divides his graduation method into four main groups, viz., 
Graphic Methods, Graduation by Interpolated Series, Graduation by Summa- 
tion Formulas, and Graduation by Mathematical Formulas. The second and 
third divisions are usually known as mechanical graduation methods, and the 
fourth method as the analytic method of graduation. The author apparently 
considers the graphic method as self-evident and does not, like many statistical 
writers, spend unnecessary time and energy upon simple draughtmanship. Dr. 
Sprague, the chief exponent of the graphic method, is rightly quoted at some 
length. 

In discussing the interpolation methods Mr. Henderson might have devoted 
more space to his own formula, originally given on page 211 in the Transactions of 
the Actuarial Society, Vol IX. This excellent and decidedly practical formula is 
not even given in the bibliography at the end of the book. 

A powerful symbolic notation is introduced in the treatment of summation for- 
mulas, wherein Mr. Henderson follows the method of the English writers, such 
as Milne, King, Woolhouse, Hardy, Higham, Spencer, Kenchington, and Bu- 
chanan. No mention is made, however, of what we consider the most powerful 
mechanical graduation, that by means of the so-called orthogonal functions, 
originally discussed by Doctor Gram, of Copenhagen, in the Bulletin of the Ac- 
tuarial Society of Switzerland. This latter method effects a very close and 
smooth welding of the parabolic curve segments and may properly be considered 
as the connecting link between the mechanical and analytical formulas; we regret 
that Mr. Henderson has not seen fit to discuss this exceedingly simple and practi- 
cal method in his book. 

The section on analytical graduation gives, in our opinion, one of the neatest 
expositions of Pearson’s frequency curves we have encountered. Mr. Henderson 
has here, in very condensed form, given the essential features of Pearson’s well- 
known curve types. 

In the construction of mortality tables by the analytic process Mr. Henderson 
limits himself to Makeham’s formula. He does not discuss Quiquet’s formula 
of which Makeham’s is a special case. The determination of the parameters in 
the Makeham formula follows the well-known method of various English actua- 
nes, notably Hardy, King, and Elderton. He does not, however, treat the 
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method of least squares. The first investigators to use this very powerful method 
were the Danish actuaries, Opperman and Gram, who during the early seventies 
graduated the Danish mortality table by this process. Later on French and 
Austrian actuaries and Mr. J. S. Thompson have made extended use of this 
method. Mr. Thompson’s contribution is mentioned in the bibliography to Mr. 
Henderson’s book, but beyond this we find no mention of the method of least 
squares. 

The book closes with a discussion of the generalized term of the point bino- 
mial by the methods of moments, together with a treatment of Stirling’s formula 
for factorials of high order. To readers who are familiar with Cesaro’s demon- 
stration of Stirling’s formula, and the Gram-Charlier system of frequency curves, 
this section must necessarily appear unwieldy and tedious. The reason for this 
is probably to be sought for in the author’s limited knowledge of Charlier’s 
methods, which are mentioned on page 56 of Mr. Henderson’s work but are not 
treated adequately. The equation of the Laplacean-Charlier probability curve 
is given without proof, and no mention is made of the Gram-Charlier curves, the 
Poisson-Charlier curves, or the logarithmically transformed frequency curves. 
The reason for this is probably that Mr. Henderson is an adherent of the Pearson- 
ian theory of frequency curves. 

In the limited space which Mr. Henderson has allowed himself it would of 
course be impossible to treat adequately these omissions we have mentioned and 
which therefore should not be regarded as criticisms of his work. In fact, within 
its assigned limits, Mr. Henderson’s book is in the opinion of the reviewer a very 
able and successful treatise on the interesting subject of which it treats, and 
should for this reason fill an evident gap in our statistical literature in the English 


language. 
ARNE FiIsHER 


Suicide and Its Relation to Climatic and Other Factors, by John Rice Miner. The 
American Journal of Hygiene, Monographic Series No.2. 1922. 140 pp. 


This study is divided into three parts. The first is a statistical survey covering 
the trend of suicide rates in various countries of the world since reliable statistics 
were available and the influence of geographical and racial factors, of urban and 
rural life, and of social status and occupation. The distribution of suicide by 
motive and method is also studied. The general trend of suicide rates during the 
past half century has been upward, although in several countries the rate has 
tended to become stabilized during the past two decades. From a careful anal- 
ysis of these phenomena the author reaches the conclusion that the industrial 
revolution of the last century was not the cause of the increase in the suicide rate, 
but accepts the following explanation: 


There is, however, another movement characteristic of the nineteenth century 
which seems to synchronize better with the course of the suicide rates. This is the 
breaking away from traditional beliefs and sanctions, the increasingly individualistic 
viewpoint, the decrease in group spirit which characterized so much of nineteenth-cen- 


tury thought. 
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In most respects the distribution of suicide frequency by sex, marital condition, 
occupation, etc., has changed but little during the past half century. 

In the second section of this monograph the author studies the relation between 
suicide and certain factors of physical and social environment by the method of 
partial correlation. The material for this study consists of those cities in the 
United States with a population of 25,000 or over at the census of 1910 and in- 
cluded in the registration area for the years 1909-10-11. Certain cities were put 
aside because they contained astate insane asylum. In other cities all the de- 
sired information could not be obtained. In the end 174 cities were used. 

The variables included the absolute number of suicides in each city in the three 
years covered by the study, the mean percentage of sunshine in each city, the 
mean altitude, mean annual precipitation, mean temperature in each city during 
these years, the total population and age index in each city in 1910, the number 
of males in each city, the land area, the number of deaths from all causes except 
suicide in 1909-10-11, the number of persons employed in manufacturing indus- 
tries in 1910, and the number of negroes. 

From a study of the correlation indexes obtained the author reaches the con- 
clusion that there is only one factor at all closely correlated to suicide, namely, 
the proportion of males in the population. 

The correlations of suicide with precipitation, density, and age distribution are be- 
tween three and four times their probable errors, and are therefore probably significant 


though small. 
What conclusions can be drawn from the material of this and the preceding section? 


We have seen that the trend of the suicide rate in different countries is more closely 
related to a factor in the intellectual life of a country, the loss of influence of traditional 
institutions, the increasingly individualistic viewpoint, the decay of the group spirit, 
than to the economic factor of increasing industrialization, and that this result is con- 
firmed by the lack of correlation between suicide and industrialization. The influence 
of the group spirit on suicide is again shown in the lower suicide rates in time of war 
and among the historic churches, with their emphasis on the institution rather than 
the individual, as well as among parents, whose interest in and sense of responsibility 
to their children acts as a prophylactic against suicide. The same influence appears 
in the distribution of suicide among different occupations. 


From a study of the statistics presented and the results obtained in the first two 
sections of the monograph, Dr. Miner decides that the fundamental factors 
underlying the differences in suicide rates are (1) the difference of strength in the 
group spirit; (2) adverse economic changes; (3) racial factors; and (4) health of 
population. 

For the development of the idea of the responsibility of group spirit as a factor 
in determining the suicide rate, we are indebted to Dr. Miner. 

The third portion of the monograph is a bibliography of both books and articles 
dealing with suicide and is the most complete we have had upon this subject in 
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Money and Foreign Exchange after 1914, by Gustav Cassel. New York: the Mac- 
millan Company. 1922. viii, 287 pp. 


Perhaps no one the world over has given more thought to the monetary prob- 
lems begotten by the war than Professor Cassel of Stockholm. Certainly no 
other writer upon the subject commands a wider hearing. Internationally known 
as an economist before the war, publishing indifferently in Swedish, German, and 
English, a delegate to all important monetary conferences in recent years, he has 
become an authority with whom every one must reckon. Bank administrators 
find it necessary to answer his criticisms of their policies, statesmen ask him to 
prepare memoranda for their guidance, economists are eager to show where he 
goes wrong. And now that he has published “‘a coherent account of the fortunes 
of the world’s monetary system from the outbreak of the War up to the present 
time,” the “wider public” which he addresses will add its thousands to the men 
who are discussing Cassel’s theories. 

These theories unfold with elegant simplicity from one fundamental concep- 
tion: 

. the conception of money as an abstract scale of counting, in which certain 
means of payment—they may be of any physical quality whatsoever—have current 


paying power, and where the value of the unit is determined by the scarcity of the 
community’s provision with these means of payment. (Page 180.) 


All of the dramatic developments in money and foreign exchange since 1914 are 
explained by applications of this conception to point after point. 

Cassel begins with the world-wide war-time rise of prices: “The primary cause 
is the artificial creation of fresh purchasing power; this produces a rise in prices, 
and the rise in prices in turn renders necessary a proportional increase in the 
quantity of currency.” (Page 28.) 

Next he explains the depreciation of gold by the extraordinary amount of gold 
monetary counters thrown on the world market, the decrease in the monetary 
use of gold, and the flood of paper-money counters poured out by the banks of 
that country which came nearest to maintaining a free gold standard. 

The theory of “ purchasing-power parities” is another corollary from the fun- 
damental proposition concerning the nature of money: 

Our willingness to pay a certain price for foreign money must ultimately and essen- 
— be due to the fact that this money possesses a purchasing power as against com- 
modities and services in that foreign country. On the other hand, when we offer so 
and so much of our own money, we are actually offering a purchasing power as against 
commodities and services in our own country. Our valuation of a foreign currency in 


terms of our own, therefore, mainly depends on the relative purchasing power of the 
two currencies in their respective countries. (Pp. 138-9.) 


Again, according to Cassel’s conception, the one effective method of stabilizing 
prices is to adjust the quantity of the monetary counters to the monetary pay- 
ments required by the price level which is to be maintained. This task of adjust- 
ment falls primarily upon the banks, and their great instrument for stabilizing 
prices is the discount rate. Hence, 

. . a@new rule for a true bank policy. The supply of credit must be so regulated 


that no rise in prices, and, naturally, no fall in amg either, takes place. . . . A 
bank policy bent on maintaining a fixed value for the monetary unit, therefore, must 
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be continually adjusting its discount rate so that it may thereby actually succeed in 
limiting the demand for capital in proportion to the supply of available savings. 


(Page 103.) 

This rule applies to prices on a gold basis quite as well as to prices on a paper 
basis. 

. , . gold standard is nothing more than a paper standard which, by aid of a 
proper b policy, is kept at a certain fixed ratiotogold . . . nogoldreservein 
the world can guarantee the redeemability of a currency if a general parity with gold 
js not maintained through a proper discount policy. (Pp. 104-105.) 

The effectiveness of this “new rule for a true bank policy” is proved by the 
perverse effectiveness of the wrong bank policy after the armistice. Practically 
all European countries, like the United States, maintained too low discount 
rates in 1919, and these low rates led to the post-war inflation. 

. . «no observer who judges the matter objectively can doubt that, if it had been 
possible from a political point of view to effect a sufficiently substantial rise in the dis- 
count rate immediately after the armistice, it would have effectively prevented the 
rise in prices which afterwards took place. The obviously far too low discount rate 


maintained during the whole of 1919 has at any rate fully manifested its effectiveness 
by the enormous rise in prices that was its immediate result. (Page 198.) 


Another demonstration was supplied by the advances in discount rates, made 
“over a year too late,” which led to the disastrous fall of prices in 1920-21. 
Though “well aware that both the [Federal Reserve] Board and its supporters 
deny that a deliberate deflation was ever advanced (sic)”’ (p. 235), Cassel culls a 
series of statements from the Bulletin which to his way of thinking show “as ob- 
vious a programme of deflation as can be found anywhere.” (Page 224.) He 
admits that ‘the means of payment in circulation” were not restricted until after 
prices had fallen, but asserts that ‘“‘this delay does not in any way prove that a 
restrictive bank policy has not been the primary cause of the fall in prices.” 
(Page 225.) 

Finally, Professor Cassel points the way out of the world’s monetary confusion. 
All thought of reverting to the pre-war level of prices should be given up as dis- 
astrous, and an attempt should be made to stabilize the value of the gold dollar 
and the pound sterling at something like the price level now prevailing in the 
United States. When the old parity has been reéstablished between these two 
units the world will have a “center of stability” about which the other nations 
may rally. Sweden, Holland, and Switzerland may be able to restore their gold 
standards at the old parities; but in most other cases a lighter gold unit should be 
frankly accepted and prices stabilized with as little change from their current 
levels as possible. To enable the most embarrassed governments to codperate in 
this policy there is necessary “the restoration of a real peace,” the reduction if not 
“cancellation of debts due to foreign Governments contracted during the War,” 
and “‘a respite from payment” long enough to allow the debtor countries to re- 
cover “economic soundness.” (Page 266.) 

This process of stabilization must be gradual. First of all “to a certain extent 
the value of gold itself must . . . bestabilized.” Some “restriction of the 
demand for gold is necessary”; for if the central banks begin to accumulate huge 
reserves they will drive down gold prices and ruin the program. No effort should 
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_ be made to restore gold to circulation; gold-exchange standards will serve the pur- 
pose, and they will not “necessitate a fresh distribution of the world’s gold 
stocks.” 


The main point is that the purchasing power of a currency be kept in a fixed relation 
to that of the dollar. . . . Finally, emphasis must be laid on the fact that the 
policy of stabilization . . . must rather be extended to all prices, and conse. 

uently even to og . .« .. There are no grounds whatever to justify the idea 
that it will be possible to maintain wages at a relatively higher level than the prices 
of commodities. Indeed, this would mean that the productivity of labour had been 
increased through the disturbances we have suffered since 1914. Still, there can be 
no one who would ever seriously champion such a theory. (Pp. 281, 274-75.) 


Such are the high lights of a remarkably vigorous book. In scientific circles it 
should stimulate research rather than carry conviction. On occasion Professor 
Cassel uses quantitative methods, as when he compares the changes in the 
amounts of money in circulation with the rise and fall of prices. But men inclined 
to question his provocative contentions can and should go much further in the 
analysis of actual experience than he has attempted to go. The World War, 
indeed, has made it possible to put the study of monetary problems on a firmer 
scientific basis. Not only did the violence of the changes in money and prices 
magnify the phenomena to be scrutinized, and provide a wealth of cases for com- 
parison, but it also produced a far more abundant and reliable collection of rec- 
ords than was available in 1914. As yet we are only beginning to exploit these 
new resources; they are bewildering in their very abundance. 

Professor Cassel has not done much to improve the methods of monetary sci- 
ence. He is a theorist of the familiar type, dominated by “conceptions,” and 
using statistical data in an incidental rather than a systematic way. But his con- 
clusions, rephrased as hypotheses to be tested, may help others to decide where to 
begin their analyses of the facts. It should not be long before discussions of the 
sort he produces are superseded by more exact and more conclusive demonstra- 
tions. 

Westey C. 


Railroad Wages and Working Rules. Research Report No. 46, by the National 
Industrial Conference Board. New York: the Century Company. 1922. 
130 pp. 

“ Recognition of the fact,” according to the Foreword of this pamphlet, “that 
the prosperity of American industry is intimately bound up with the efficiency 
and sound development of the railroad system of the country has led the National 
Industrial Conference Board to undertake a study of certain aspects of the rail- 
road situation which are of special concern to American industrial life 
(the Board) has therefore undertaken to bring together the essential facts regard- 
ing wages and working rules and to present them in a way which will set them 
clearly before those engaged in industry and before the public at large.” This 
aim is somewhat narrowed by the statement on page 1 that the “purpose of this 
investigation was to present a survey of wages and working rules . . . and 
to compare wages and conditions of employment of railroad employees with those 
of the employees of other industries performing similar classes of service.”” The 
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report, as a matter of fact, contains little on wages which does not come under the 
head of this comparison, although such a comparison is far from including all the 
“essential facts regarding wages.” 

This report was written and published just before the hearings of the Railroad 
Labor Board which rendered the decision on wages as of July 1, 1922, embodying 
the reduction which precipitated the shopmen’s strike. An analysis of the re- 
port, however belated, may help to an understanding of the present situation, and 
should be made in any event for the sake of aiding in the valuation of this type of 
document. 

In Chapter 1, “Summary and General Conclusions,” we find the following 
statement: 


The extent to which the condition of the railroads has been affected by increases in 
wage rates, by increases in payroll due to the National Agreements covering working 
conditions, imposed upon them by the Federal Administration during government 
aud by the leaned bey the United States Leber Boned ta sovising 
the National Agreements, is illustrated by Chart 19 and Table 12. 


This chart and table indicate that by the third quarter of 1920 operating revenues 
had increased 151 per cent over 1914, operating expenses, 237 per cent, and total 
payroll, 271 per cent, or most of all. By October, 1921, operating revenues were 
124 per cent above 1914, operating expenses 136 per cent, and total payroll 151 
per cent, while employment showed a gain of only 26 per cent and man-hours of 
only 10 per cent over 1914. These figures are interpreted to mean that “‘the eco- 
nomic position of the railroads has been severely affected by a disproportionate 
increase of wage costs and by a decline in relative labor efficiency.”” A hasty 
glance at the chart seems to give striking confirmation to this view. 

It is not made plain, however, what proportion of operating expenses the pay- 
roll occupied from year to year, or what the increase in cost of materials and 
other expenses was. There is nowhere in the report any comparison of railroad 
rates with the prices of other commodities and services. Nor is there any study 
of the net earnings and their fluctuation. Thus from both the accounting and 
the statistical points of view the chart might be held to indicate several conclu- 
sions other than that drawn from it. We do not know from these data whether 
the “economic position” of the roads really was “severely affected” or not. If, 
in a period of rising prices, wages had risen only by the same percentage as reve- 
nues, the rate of profit on the capital invested might have been enormous. There 
is no proof that it was inadequate in the mere observation that wages rose more 
than revenues. If the financial situation of the roads were severely affected by 
increased expense, moreover, that result might have arisen almost as much from 
higher prices of materials as from wages, or from an extraordinary total of pur- 
chases, and the condition might have been removed by a subsequent fall in 
prices or purchases. The possibility still remains that the cause of the trouble, 
if there was any, was a movement of rates which did not rise so rapidly as the 
general price level, or a diminishing return from heavy traffic handled with 
inadequate equipment. 

The assumed “decline in relative labor efficiency” is accounted for by the 
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“working rules imposed upon the railroads through the National Agreements,” 
But on page 23 the report records, truly: 


The National Agreements were not a sudden development, except in their application 
oa a national scale. . . . Several hundred railroads had agreements with the em- 
ployees of their mechanical departments, some of which reached as far back as 1903, 
. . . . The agreements negotiated locally between the individual railroads and the 
unions frequently contain many of the provisions that are found in the National 
Agreements in existence at the present time. 


The fact is, although this report never explicitly mentions it, that the only new 
rules in the National Agreements which had great importance from the point of 
view of increased expense were those establishing the eight-hour day, with puni- 
tive overtime, for the great majority of employees who had not received it by the 
passage of the Adamson law. This betterment of working conditions, coupled 
with the large amount of overtime necessitated by the severe car shortage of 1920, 
naturally brought about a marked increase in the payroll, which was dispropor- 
tionate to the increase in employment or man-hours. It may be that the rail- 
roads should not have been forced to bear the burden involved in establishing the 
eight-hour day—a burden which of course would have been considerably lighter 
if they had not been so woefully underequipped and if they had been more 
efficiently managed. But to call this introduction of a generally recognized 
standard of hours a “decline in labor efficiency” is an unscholarly misstatement 
of the issue. 

Before discussing the conclusions further it would be enlightening to fill a gap 
left in Chapter II, the “Historical Introduction.” After the roads were turned 
back to private management under the Transportation Act, a difference of opin- 
ion arose among the managements as to whether they should continue to deal 
with the shop unions as the Railroad Administration had done. Many roads 
which had previously had contracts with them were in favor of doing so, but 
others, notably the Pennsylvania, desired to abrogate the National Agreements 
and to return to a non-union policy. The Transportation Act, in Section 302, 
provides that “‘railroad boards of labor adjustment may be established by agree- 
ment between any carrier, group of carriers, or the carriers as a whole, and any 
employees or subordinate officials of carriers, or organization or group of organi- 
zations thereof,” for the settling of disputes. Under this clause the unions de- 
sired the setting up of National Boards of Adjustment which would have contin- 
ued to make standard agreements on a ~ational scale and would have relieved the 
Labor Board of many of the thousands of cases which subsequently overcrowded 
its docket. The labor relations of the roads were entrusted to the Association of 
Railway Executives, which in turn appointed a Labor Committee. This Labor 
Committee, under the chairmanship of President Gray of the Union Pacific, pre- 
sented a majority report in favor of the establishment of National Boards as de- 
sired by the unions. President Atterbury, of the Pennsylvania, in a minority of 
one on this committee, presented a report with the contrary recommendation. 
The Association of Railway Executives rejected the majority report by a vote of 
60 to 41, the Pennsylvania and the New York Central casting sixteen of the votes. 
The late T. DeWitt Cuyler, as chairman of the Executives’ Association, then ap- 
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pointed Mr. Atterbury chairman of the Labor Committee, and it was his policy 
which the Association followed until the management of labor affairs reverted 
to the individual roads. The opposition to National Agreements as such, and 
the statement on page 20 of this report that “the Transportation Act had im- 
plied . . . that the National Agreements . . . should be abrogated,” 
represented Mr. Cuyler’s and Mr. Atterbury’s point of view, not that of a nu- 
merical majority of the executives or of the unions. 

Space is not sufficient for a detailed review of the working rules mentioned in 
Chapter III. In general it may be said that the subject is a highly complicated 
one permitting many legitimate differences of opinion, and that the opinions and 
illustrations here given are almost without exception those of the Labor Com- 
mittee under the chairmanship of Mr. Atterbury. The tendency of the employer 
is to demand as much flexibility as possible, so that in the interests of apparent 
economy he may employ what men he pleases for what jobs he pleases for as long 
or as short a period as he pleases, and with as few extra payments as possible. 
The tendency of the labor organization is to protect the status and stability of 
employment of its members by insisting upon certain restrictions upon such 
powers of the employer in the interest of the wage-earner’s happiness. Specific 
illustrations bearing out one side of such controversies are not decisive. The 
report might have quoted from the voluminous evidence presented at various 
times by the employees in support of existing working rules; but instead it quotes 
only from their statement written in support of the National Agreements which 
makes two main points: first, that national standards prevent any unfairness to 
the managements of roads who were willing to establish desired rules, and, sec- 
ond, that national standards tend to cut down labor turnover. There is no at- 
tempt in the Report to evaluate these two broad arguments. 

A good example of a rule upon which legitimate difference of opinion exists was 
that referred to on page 35, which provided that employees called to work on Sun- 
days and holidays could, if their services were required for only a short period, 
remain at work the rest of the day at the usual Sunday rate of time-and-a-half. 
The railroads objected that this rule made them pay for work not done. The 
employees, whose answer is not referred to in the Report, argue that men should 
not be required to work on Sundays and holidays unless it is absolutely necessary, 
that cases in which men are called to work for only a short time are often the fault 
of management, and that in any case a man whose holiday is broken into this way 
should be entitled to a full day’s pay at regular Sunday rates, the extra expense 
to the management providing a penalty which minimizes such unfortunate 
occurrences. 

The figures on wages indicate that in most cases railroad wages did not rise so 
quickly as wages in private industry after 1914, that eventually they rose more, 
and that up to October, 1921, they had fallen less. ‘Real wages” are computed 
also by dividing the index of money wages by an index of the cost of living since 
1914, and they show the same comparative results, with a net increase over the 
1914level. Numerous comments may be made on these figures. 

Wages are computed both on the hourly and the weekly basis. They are not 
computed from rates however, but from actual earnings. The total payroll fora 
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given period is divided by the number of employees and by the number of time- 
units in the period, to give the earnings per employee per week or per hour as the 
case maybe. This has the effect of indicating in the result the amount of money 
lost through slack employment, or the amount gained through overtime, includ- 
ing that paid at punitive overtime rates. It is quite true that this method has 
the advantage of indexing what the employees actually received—provided the 
number of employees remains constant throughout the period. It is also true, 
however, that the method makes the introduction of the eight-hour day with puni- 
tive overtime appear solely as if it were an increase in wage-rates, this being 
specially marked in the case of the hourly earnings. It is also true that the 
method chosen includes as factors the slack employment at the 1914 base and the 
abnormal amount of overtime at the 1920 peak—factors for which the wage- 
earner was far less responsible than management. This method of reckoning 
wages, therefore, shows a much larger increase over the period in question than 
any other possible method, and does not give an accurate indication of the trend 
of wages for a normal working week or day. If the Report had shown separately 
how the wage-earners gained in working conditions by the introduction of the 
eight-hour day, and how the special conditions of employment at the base and at 
the peak of the curve had created an abnormal rise in their net incomes between 
those two dates, and then had presented figures showing the course of normal 
weekly wage rates, thus separating the factor of wage rates from those of normal 
working hours and volume of employment, it would have presented a more en- 
lightening picture for consideration in connection with the fixing of new wage 
rates. 

The cost-of-living index which the Report uses in deflating money wages to 
reckon real wages is that of the National Industrial Conference Board, which 
never rose so high as that of the U. S. Bureau of Labor Statistics. There is no 
reason to suppose that the Board’s index is more accurate than the government's; 
and the result obtained indicates a larger rise in real wages than if the official in- 
dex had been used. 

There is little or no evidence to show that the figures on wages in other indus- 
tries are really comparable. To compare with the skilled shop crafts, for in- 
stance, the Board uses its own records of wages in “foundries and machine shops.” 
Even in 1914 the average weekly and hourly wages of skilled railroad shopmen 
were higher than the figure given here for outside foundries and machine shops, a 
fact which would indicate that there is truth in the generally accepted statement 
that railroad shop labor requires a higher degree of skill and training than is pos- 
sessed by the general run of skilled mechanics elsewhere. If this is the case, the 
two series are not comparable, either in view of the labor market or in view of 
what the workers deserved. Other points at which the two series may not be 
comparable are: first, the relative fluctuation of prosperity and depression in the 
industries in question; second, the relative union organization of the groups of 
workmen in question, and hence their ability to exercise some degree of social con- 
trol over wages during periods of depression and unemployment; third, the accu- 
racy and reliability of the Board’s own computations from the records of its mem- 
bers, which have never, so far as I know, been checked by any impartial body. 
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A eonfusing result arises from the inclusion of carmen in the average for 
“skilled workers.” Machinists, boilermakers, and blacksmiths, as the Report 
shows, were increased between 1914 and 1921 only slightly more than the increase 
quoted for private foundries and machine shops. Carmen, however, received a 
large increase, due to a change in their duties and a revaluation of their skill and 
their needs. Carmen are very numerous, and when thrown into the general av- 
erage they naturally raise the peak markedly. 

Nowhere in the Report is there a budget study or any other reference to a min- 
imum standard of living, and there is nothing to show that wages were adequate 
either at 1914 or at any other time. Furthermore, 1914 is the most disadvanta- 
geous base, from the point of view of the wage-earner, that could have been 
chosen for a study of the course of real wages, unless the obviously unfair year of 
1916 or 1917 had been taken. Studies of annual earnings compared with retail 
food prices going as far back as the nineties indicate that there was a fairly steady 
fall in real wages of railroad men for a long period before 1914. 

Nowhere in the Report is there a study of the physical productivity of the rail- 
roads and their employees. 

The last chapter, No. V, shows that the Board, representing as it does a large 
number of employers’ associations, was concerned with railroad wages from an- 
other point of view than that of railroad earnings and services. 


In the so-called private industries, where the wages of employees are governed largely 
by supply and demand for labor in any given community, the retention of a high wage 
scale > railroad labor during a period of falling prices must result either in dissatisfac- 
tion and disputes between the managements and employees of the other industries, or 
in throwing upon those industries a burden of wages which may make them unable to 
meet lower costs of production of competitors in other localities. 


If railroad wages were set in accordance with this logic they would simply follow 
the rates which happen to result from the play of demand and supply in largely 
non-union industries not recognized as public services and without public wage- 
boards or other impartial wage-fixing machinery. Such a method of “wage- 
fixing” would be open to numerous obvious objections. 

As a piece of special pleading in behalf of employers’ interests this Report is a 
carefully prepared and valuable document. The chief danger is that reports of 
this nature will be harmful if they are not frankly issued as partisan arguments 
and accepted as such by the public and by wage bodies. The fact that much of 
this material was presented to the Railroad Labor Board in behalf of “the Pub- 
lic” and was accepted by the Board in this guise emphasizes the danger. The 
acceptance of its point of view was in part responsible for a course of action which 
stung the employees’ organizations to economic revolt, thus causing the loss of 
probably a quarter of a billion dollars to the railroads, of a much larger sum to the 
shipping and consuming public, and leading to an untold amount of social friction 
and personal suffering. 

Grorce Sou.z 
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Insurance: Principles and Practice, by Robert Riegel and H. J. Loman. New 
York: Ronald Press. 1921. 514 pp. 


The authors have successfully condensed within the compass of 514 pages a 
discussion of the general nature and specific practices of the principal forms of 
personal and property insurance. The book will be especially useful in the con- 
duct of courses in general insurance in schools of business. It will be helpful to 
the intelligent policyholder and to the business man, who is today a heavy pur- 
chaser of multiple lines of coverage. Also, the specialist in some particular 
branch of the business will benefit by having conveniently at hand a description 
of the more important practices in the other lines of insurance. 

The authors are likely to hear from these specialists, too. The actuaries in the 
liability and compensation field will certainly be dissatisfied with the discussion 
of rate-making procedure outlined in Chapter XII. Insurance statisticians will 
be likely to object to the looseness of the discussion of probability, and of that 
figment called the “law of average” (pages 22, 23, 73, and 75). The discussion 
may be satisfactory to insurance persons who were “brought up” on Hall and 
Knight’s or Wentworth’s chapters on the arithmetical and algebraic treatment of 
probabilities, but it certainly fails to be informing to those who approach the sim- 
plier problems of analyzing or projecting insurance loss experience from the angle 
of formal logic! 

The book is divided into six parts, the first of which discusses the uses of insur- 
ance, its fundamental principles, the several types of insurance organizations, and 
the underwriting details of the business. In this section the authors attempt to 
coérdinate those features of insurance which are common to all its branches. 
The second section deals with personal insurance, with particular emphasis upon 
the buyer’s viewpoint. The several types of life insurance policies are discussed, 
and methods of computing net and gross premiums, reserves, surrender and loan 
values, surplus and dividends are explained. The section closes with a chapter 
on accident and health insurance. Liability, compensation, fire, marine, auto- 
mobile, title, credit, and surety insurance are then taken up in the order named. 

Naturally, after this book has been in use in schools of business and in insur- 
ance offices for a while, a number of errors of fact will be discovered. This, to- 
gether, with the changes in procedure and the extension of insurance to newer 
lines of coverage, will in time suggest a revision of the present work. At that 
time it might be well to have the manuscript reviewed by persons specializing in 
the several important branches of the business. Such procedure would obviate 
some of the objections to statements of fact which have appeared in earlier re- 
views of the book. 

The Appendix contains numerous examples of policy forms, rate-book pages, 


clauses and riders, claim forms, etc. 
E. W. Korr 
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The Russian Immigrant, by Jerome Davis. New York: the Macmillan Com- 
pany. 1922. xv, 219 pp. 


The Russian immigrant portrayed in this book is the Slavic Russian from 
Great, White, or Little Russia. The author leaves out of consideration the Jews, 
Finns, Poles, Letts, Lithuanians, Ruthenians from Galicia, and other Slavic races. 
To make a first-hand study of this group the author is especially well qualified by 
a knowledge of the language and a background of two and a half years spent in 
Russia. 

For this very reason we cannot but regret that he has chosen to devote so much 
of his brief space—the book is a small one—to material derived from already 
well-known and sometimes rather ancient statistical sources and from equally 
well-known descriptive writings of other people. This has made it necessary to 
compress his own findings within exceedingly narrow limits, making it the more 
difficult through the restriction of supporting material for the reader to verify 
for himself the conclusions of the author, or to have fixed in his mind the con- 
crete and convincing picture of the Russian immigrant as a human being which 
the author evidently desired to give. Had he left out all material the reader 
could have found elsewhere and devoted his entire space to an intensive study 
of even one group of Russian workingmen, he would have added to our 
knowledge of the Russian immigrant something of exceptional value. 

It should be understood, however, that the book has considerable value as it 
stands. It was undertaken, obviously, with the general question of assimilation 
in mind, and Dr. Davis over and over again urges a consideration too often 
overlooked, that is, the importance of the immigrant’s own reaction to his sur- 
roundings as an element in assimilation. The state of mind of the immigrant as 
well as the attitude of the community toward him will determine whether he is to 
become a codperating part in our society; and the social forces to which he is sub- 
jected will largely determine that state of mind. 

The book is devoted to a survey of the more important of these social forces, 
in their broader aspects, and the Russian immigrant’s reaction to them. The 
author’s conclusions are that on the economic side the Russian immigrant is 
plunged into an environment totally at variance with his Russian background, 
that his economic situation provides little outlet for a legitimate self-realization, 
and that he feels and resents a disregard by the employer of the human side of 
the worker and concludes from his economic experiences that American life is 
entirely materialistic. The dollar is almighty, and nothing else counts. 

On the social side Dr. Davis finds the Russian immigrant left almost en- 
tirely to his own devices; the recreational, cultural, religious, and educational op- 
portunities, so far as they are available to the adult, are Russian, not American, 
and tend toward keeping him a Russian. In his relation to our government, 
through unpleasant experiences, the Russian immigrant has become inclined to 
the conclusion that the agencies of law and order are organized to serve Ameri- 
cans but not Russians, that the laws discriminate against the alien, that the po- 
lice are cruel or venal, and that the courts are not for him. How, then, can he be 
expected to become a codperating agent in a community from which he feels him- 
self shut out? 
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Dr. Davis concludes that in order to bring about assimilation the isolation 
which he thinks is the key to the present situation must be broken down. He 
does not consider it his task to outline in detail the methods to be followed in this 
work, but he does point out two main directions in which it should proceed— 
through breaking down the barriers, first, of language, by suitable methods of in- 
struction in English, and, second, of general misunderstanding, by the establish- 
ment of bureaus of information of a similar nature to the Foreign Language In- 
formation Service which has already done such excellent work. Such a bureau, 
Dr. Davis well says, should educate the American with regard to the alien, as 
well as the alien about the American. ‘In order to assimilate the foreigner,” he 
says, “‘we must break down prejudice on both sides.” 

The present reviewer, having had occasion lately to go over much of the same 
ground traversed by the author, heartily agrees with the conclusions to which 
Dr. Davis has come with regard to the situation of the Russian immigrant in 
general. One point, however, seems to call for a warning. In his opening pages 
he urges the “Red Peril” as a reason for the study of the Russian immigrant in 
such a way as to lead the reader to think that the author believes in the reality of 
this peril. He mentions the raids of 1919-20 as evidence of an alarming situation 
without specifying the cause of alarm; and he refers to the 5,000 or more arrests 
by the Department of Justice, mostly of Russians, to the records of “two hundred 
thousand ultra-radical individuals and organizations” on file in their office, and 
to the estimates of the Attorney General that fully 90 per cent of those considered 
most dangerous were aliens, without a word to indicate the deflation which these 
estimates and activities due to war time excitement have since undergone. 

It would be regrettable if the general reader, who has one unfortunate habit of 
running away with some one general statement, and another of not reading books 
all through, should get the idea that the Russian workingman is a dangerous in- 
dividual; for he really is not, and Dr. Davis himself does not really think so, as 
a reading of the entire book will show. 

Kate CLAGHORN 

New York School of Social Work 
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